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Abstract 
Rainfed lowlands account for nearly 90% of the total rice area in Cambodia. Annual rice production 
from the rainfed lowlands is over 7 million tonnes accounting for 77% of total rice production. 
However, the majority of rainfed lowland farm households are resource-poor, owning less than a 
hectare of paddy land, and, given the monsoonal (wet-dry) climate, grow only a single low-yielding 
rice crop per year in the wet season (WS), primarily for subsistence. This lowland rice farming 
system is subject to various pressures from unreliable rainfall, poor soil fertility, insect and weed 
pests, the use of traditional varieties and cropping practices, restricted access to irrigation, and 
limited farm resources. Moreover, there are few options for earning cash income, given the reliance 
on subsistence rice cultivation in the WS and the inability to use land and labour productively in the 
dry season (DS).  
The research reported in this thesis aimed to explore the potential for agricultural development and 
poverty reduction in the rainfed lowlands of Cambodia, with particular emphasis on the role of 
irrigation. First, the thesis sought to evaluate the situation, constraints, and management of farms in 
rainfed lowland villages in southern Cambodia. Next, it compared the options available to farm 
managers and village communities in similar biophysical and socioeconomic environments but with 
different degrees of access to irrigation. Finally, it identified the potential development pathways 
and adaptive responses of farm managers in the rainfed lowland environment. 
The research was carried out in rainfed lowland districts in Takeo and Kampong Speu Provinces, 
representing a typical lowland rice-growing region that was densely-populated and with low per-
capita ownership of paddy land. A comparative case-study design was used with multiple units of 
analysis. Three villages were selected that experienced similar biophysical and socioeconomic 
environments but had different degrees of access to irrigation, with Trapeang Run depending on 
small houseyard ponds, Snao using tubewells to extract groundwater, and Ta Daeng Thmei 
benefiting from gravity-fed irrigation from a medium-size reservoir. Each village was considered as 
an individual case, with cross-case comparison used to develop generalisations about the research 
objectives.  
A range of research methods were employed between 2010 and 2013 for data collection, including 
reconnaissance visits, household surveys, discussions with village heads, key informant interviews, 
analysis of market trends, farm walks and direct observation, use of village data manuals and 
documents, surveys of pond-water and groundwater, analysis of rainfall data, soil surveys, and field 
crop experiments. Analytical methods applied to the analysis of household survey data and other 
data comprised conventional descriptive statistics, multivariate statistical techniques, and 
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conventional farm management economics, adapted to the perspectives of semi-commercial farm 
households.  
Trapeang Run was typical of rainfed lowland villages in Cambodia, with farmers having small areas 
of paddy land (averaging 0.9 ha) all cultivated with WS rice. Many households opted to cultivate 
early-wet-season (EWS) rice on a small plot of paddy land (0.15 ha) to make up for a rice deficit or 
to earn extra cash income, but yields and returns to labour were low. Though most households 
secured rice self-sufficiency and a modest net cash return, around a third experienced a rice deficit. 
The lack of other cropping options meant that two thirds of households’ limited cash income came 
from non-farm employment, mainly younger household members labouring in construction sites 
and garment factories in Phnom Penh. 
Snao was also typical of rainfed lowland villages, with even less access to WS paddy land 
(averaging 0.6 ha), but farmers’ initiative to develop on-farm irrigation by sinking tubewells to 
pump groundwater had allowed the majority to intensify and diversify the cropping system to 
include two crops of radish (or cucumber) in the DS on more than half their paddy land and a 
similar area of EWS rice, in addition to a traditional crop of WS rice. The entire cropping system 
utilised labour and material inputs more intensively and, despite the small farm size, generated rice 
for subsistence and sale and more than double the cash income of Trapeang Run, with the most 
important single source of income being DS non-rice crops.   
Ta Daeng Thmei, located in a similar lowland environment, had access to a long-established, 
medium-scale, gravity-fed irrigation scheme, as well as having somewhat more paddy land 
(averaging 1.3 ha). The larger farms and access to irrigation enabled most households to produce a 
considerable marketable surplus from WS rice, as well as using a portion of the paddy land (around 
0.2 ha) to grow peanuts in the DS and rice in the EWS. This more intensive cropping system gave 
considerably higher farm cash income than Trapeang Run, though not as high as Snao. The most 
important sources of cash income were WS rice and livestock.   
The comparative analysis showed that small-scale, resource-poor farmers in the rainfed lowlands 
with access to on-farm irrigation, especially groundwater, could substantially improve their 
livelihoods by pursuing more intensified, diversified, and market-oriented farming systems. The 
potential for farmers with somewhat more land to intensify and commercialise cattle production 
based on irrigated forages was also identified but not yet observed in practice. The research shows 
that adaptive farm managers pursuing irrigation-based agricultural development in the lowlands can 
achieve a more secure supply of rice for subsistence, higher cash income, greater utilisation of the 
household’s resources of land and labour, improved soil resources, and more diverse and therefore 
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resilient farm and livelihood systems, with less reliance on low-skilled urban wage employment. 
Research on the longer-term implications for the sustainable management of groundwater resources 
will need to be given high priority.   
 
 v 
Declaration by author 
This thesis is composed of my original work, and contains no material previously published or 
written by another person except where due reference has been made in the text. I have clearly 
stated the contribution by others to jointly-authored works that I have included in my thesis. 
I have clearly stated the contribution of others to my thesis as a whole, including statistical 
assistance, survey design, data analysis, significant technical procedures, professional editorial 
advice, and any other original research work used or reported in my thesis. The content of my thesis 
is the result of work I have carried out since the commencement of my research higher degree 
candidature and does not include a substantial part of work that has been submitted to qualify for 
the award of any other degree or diploma in any university or other tertiary institution. I have 
clearly stated which parts of my thesis, if any, have been submitted to qualify for another award. 
I acknowledge that an electronic copy of my thesis must be lodged with the University Library and, 
subject to the policy and procedures of The University of Queensland, the thesis be made available 
for research and study in accordance with the Copyright Act 1968 unless a period of embargo has 
been approved by the Dean of the Graduate School.  
I acknowledge that copyright of all material contained in my thesis resides with the copyright 
holder(s) of that material. Where appropriate I have obtained copyright permission from the 
copyright holder to reproduce material in this thesis. 
 
 
 
 
 
 vi 
Publications during candidature 
“No publications”. 
 
Publications included in this thesis 
 “No publications included”. 
 
Contributions by others to the thesis 
 “No contributions by others.” 
 
Statement of parts of the thesis submitted to qualify for the award of another degree 
 “None”. 
 
 
 vii 
Acknowledgements 
Grateful thanks are due to the Australian Centre for International Agricultural Research (ACIAR) 
for awarding me the John Allwright Fellowship. This award gave me the particular opportunity to 
pursue my higher degree study and to carry out the research with the aim of improving rural 
livelihoods of Cambodian resource poor farm households.  
I would like to express my sincere gratitude to my principal advisor, Professor Rob Cramb and 
associate advisor, Professor Shu Fukai. My special thanks are due to Professor Rob Cramb who 
dedicated himself to make this thesis possible.  
Support was also provided by the Cambodia Agricultural Research and Development Institute 
(CARDI). I also thank the socioeconomics team of CARDI for their assistance during my field 
works. I am indebted to the farmers in Trapeang Run, Snao, and Ta Daeng Thmei Villages for their 
time and contributions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 viii 
Keywords 
rainfed lowland, cambodia, rice, non-rice crops, farm household, land holding, on-farm irrigation, 
livelihoods, economic analysis  
 
Australian and New Zealand Standard Research Classifications (ANZSRC) 
070108 Sustainable Agricultural Development, 40% 
070106 Farm Management, Rural Management and Agribusiness, 30% 
070107 Farming Systems Research, 30% 
 
Fields of Research (FoR) Classification 
0701 Agriculture, Land and Farm Management, 70% 
0703 Crop and Pasture Production, 20% 
0702 Crop and Pasture Production, 10% 
 
 ix 
Table of Contents 
Abstract ii 
Declaration by author v 
Publications during candidature vi 
Publications included in this thesis vi 
Contributions by others to the thesis vi 
Statement of parts of the thesis submitted to qualify for the award of another degree vi 
Acknowledgements vii 
Keywords viii 
Australian and New Zealand Standard Research Classifications (ANZSRC) viii 
Fields of Research (FoR) Classification viii 
Table of Contents ix 
List of Tables xiv 
List of Figures xix 
List of Abbreviations xxiv 
CHAPTER 1 1 
INTRODUCTION 1 
1.1 Challenges of Rice Farming in the Rainfed Lowlands of Asia 1 
1.2 Rainfed Lowland Farming in Cambodia 5 
1.3 Research Question, Aims and Objectives 8 
1.4 Research Approach 9 
1.5 Overview 10 
CHAPTER 2 12 
A REVIEW OF AGRICULTURAL DEVELOPMENT IN THE 12 
RAINFED LOWLANDS OF CAMBODIA 12 
2.1 Introduction 12 
2.2 Geography of Rural Cambodia 12 
2.2.1 Land and people 12 
2.2.2 Soils 14 
2.2.3 Climate 15 
2.2.4 Agricultural land use and production 15 
2.2.5 Agricultural land tenure 17 
2.3 The Rainfed Lowlands in Cambodia 20 
2.3.1 Biophysical features 20 
 x 
2.3.2 Farm household characteristics 21 
2.3.3 Farming practices and activities 22 
2.3.4 New technologies for lowland rice farming 23 
2.3.5 Potential for cropping intensification and diversification 24 
2.4 Development of Water Resources in Cambodia 27 
2.4.1 Large-scale irrigation systems 27 
2.4.2 On-farm irrigation 29 
2.5 Conclusion 32 
CHAPTER 3 33 
RESEARCH METHODOLOGY AND STUDY AREA 33 
3.1 Introduction 33 
3.2 Research Design 33 
3.3 Description of the Study Area 36 
3.3.1 Takeo Province 36 
3.3.2 Kampong Speu Province 38 
3.3.3 Rainfall pattern in the study area 40 
3.4 Research Methods 42 
3.4.1 Reconnaissance visits 42 
3.4.2 Household surveys 43 
3.4.3 Discussions with village head 44 
3.4.4 Key informant interviews 44 
3.4.5 Market channel interviews 45 
3.4.6 Village exploratory walks 46 
3.4.7 Village data manuals and documents 47 
3.4.8 Pond water and groundwater surveys 47 
3.4.9 Rainfall data 48 
3.4.10 Soil surveys 49 
3.4.11 Field crop experiments 49 
3.5 Analytical Methods 50 
3.6 Conclusion 51 
CHAPTER 4 53 
TRAPEANG RUN – A RAINFED LOWLAND VILLAGE 53 
4.1 Introduction 53 
4.2 Village Profile 54 
4.3 Household Resources 57 
 xi 
4.3.1 Human resources 57 
4.3.2 Land resources 59 
4.3.3 Water resources – pond water 61 
4.3.4 Water resources – groundwater 65 
4.3.5 Capital assets 66 
4.4 Crop Activities 66 
4.4.1 Economics of WS rice production, 2011-2012 66 
4.4.2 Economics of EWS rice production, 2011 72 
4.4.3 Cultivation of DS non-rice crops, 2012 77 
4.5 Cattle Raising 81 
4.5.1 Cattle ownership 81 
4.5.2 Cattle management 83 
4.5.3 Cattle productivity 85 
4.5.4 Other livestock 87 
4.6 Whole-Farm Analysis 88 
4.7 Household Income 92 
4.8 Summary and Conclusions 96 
CHAPTER 5 98 
SNAO – A VILLAGE WITH ON-FARM IRRIGATION 98 
5.1 Introduction 98 
5.2 Village Profile 99 
5.2.1 Village settlement and population 99 
5.2.2 Village land resources 101 
5.2.3 On-farm irrigation resources 105 
5.3 Household Resources 110 
5.3.1 Human resources 110 
5.3.2 Land resources 112 
5.3.3 Capital assets 116 
5.4 Cropping Systems 117 
5.4.1 Overview 117 
5.4.2 Economics of WS rice production in 2011-12 121 
5.4.3 Economics of EWS rice production in 2011 125 
5.4.4 Economics of DS radish production in 2012 130 
5.4.5 Economics of other DS non-rice crops in 2013 137 
5.4.6 Economics of DS rice production in 2012 138 
 xii 
5.5 Cattle Raising 140 
5.5.1 Cattle ownership 140 
5.5.2 Cattle management 143 
5.5.3 Cattle productivity 146 
5.5.4 Other livestock 148 
5.6 Whole-Farm Analysis 149 
5.6.1 Economic contributions of crop activities 149 
5.6.2 Land-utilisation profile 150 
5.6.3 Labour-use profile 151 
5.6.4 Cash flow profile 152 
5.7 Household income 155 
5.8 Conclusion 159 
CHAPTER 6 161 
TA DAENG THMEI – A FULLY-IRRIGATED VILLAGE 161 
6.1 Introduction 161 
6.2 Ta Daeng Thmei Village 162 
6.2.1 Village profile 162 
6.2.2 Irrigation management 164 
6.3. Household Resources 165 
6.3.1 Human resources 165 
6.3.2 Land resources 167 
6.3.3 Capital assets 171 
6.4 Crop Activities 171 
6.4.1 Economics of WS rice production, 2010 171 
6.4.2 Economics of EWS rice production, 2010 178 
6.4.3 DS peanut production 183 
6.5 Cattle Raising 188 
6.5.1 Cattle ownership 188 
6.5.2 Cattle management 190 
6.5.3 Cattle productivity 193 
6.5.4 Other livestock 195 
6.6 Whole-Farm Analysis 196 
6.7 Household income 199 
6.8 Conclusion 203 
CHAPTER 7 206 
 xiii 
COMPARATIVE ANALYSIS OF THE CASE-STUDY VILLAGES 206 
7.1 Introduction 206 
7.2 Characteristics of Case-Study Villages 206 
7.2.1 Village settlement and population 206 
7.2.2 Land resources 208 
7.2.3 Water resources 209 
7.2.4 Village characteristics in context 209 
7.3 Comparative Analysis of WS Rice Production 211 
7.4 Comparative Analysis of EWS Rice Production 215 
7.5 Comparative Analysis of Non-rice Crops 219 
7.6 Comparative Analysis of Cropping Systems in the Three Villages 224 
7.7 Marketing of Rice and Non-Rice Crops in the Three Villages 228 
7.8 Cattle Raising 230 
7.9 Household Income 233 
7.10 Conclusion 235 
CHAPTER 8 237 
CONCLUSION 237 
8.1 Research Problem and Approach 237 
8.2 Research Findings and Implications 239 
8.2.1 A Dynamic Context 239 
8.2.2 Options for Rice 240 
8.2.3 Options for Non-Rice Crops 241 
8.2.4 Options for Livestock 242 
8.2.5 Livelihood Pathways 243 
8.2.6 Irrigation Options 244 
BIBLIOGRAPHY 245 
APPENDIX 254 
 
 xiv 
List of Tables 
Table 3.1. Characteristics of the three selected villages 35 
Table 3.2. Characteristics of survey information 43 
Table 4.1. Household composition in Trapeang Run 57 
Table 4.2. Age and gender of household heads in Trapeang Run 58 
Table 4.3. Occupations of economically active household members in Trapeang Run (%) 58 
Table 4.4. Household land ownership by land type in Trapeang Run 59 
Table 4.5. Standing water levels (m) of 11 selected ponds in Trapeang Run in the 2012-2013        
dry season 64 
Table 4.6. Material inputs for WS rice production in Trapeang Run (kg/ha), 2011-2012 67 
Table 4.7. Area and yield of rice varieties cultivated in WS and EWS in Trapeang Run, 2011-2012
 68 
Table 4.8. Labour requirements for WS rice production in Trapeang Run (labour-days/ha),         
2011-2012 69 
Table 4.9. Unit costs and returns for WS rice production in Trapeang Run, 2011-2012 71 
Table 4.10. Estimated surplus/deficit and net cash flow from WS rice crop in Trapeang Run 72 
Table 4.11. Comparison of rice-deficit and rice-surplus households in Trapeang Run 72 
Table 4.12. Material inputs for EWS rice production in Trapeang Run, 2011 74 
Table 4.13. Labour requirements for EWS rice in Trapeang Run (labour-days/ha), 2011 75 
Table 4.14. Unit costs and returns of EWS rice production in Trapeang Run, 2011 76 
Table 4.15. Actual costs and returns per household for EWS rice in Trapeang Run, 2011 76 
Table 4.16. Estimated surplus/deficit and net cash flow from combined WS and EWS rice 
production in Trapeang Run 77 
Table 4.17. Impact of EWS rice cultivation on rice-deficit households in Trapeang Run 77 
Table 4.18. Labour requirements (labour days) for non-rice crop cultivation in Trapeang Run   
based on a cultivated area of 0.13 ha, 2012 79 
Table 4.19. Cash costs and returns per household for DS cultivation in Trapeang Run (USD),    
2012 81 
Table 4.20. Numbers and value of cattle owned in Trapeang Run, by category, 2012 83 
Table 4.21. Cattle prices reported in Trapeang Run in 2012, by category (USD/head) 87 
Table 4.22. Numbers and value of pigs, chickens, and ducks owned in Trapeang Run, 2012 88 
Table 4.23. Inputs, outputs, and net cash flow of representative cropping system in Trapeang Run, 
2011-2012 89 
 xv 
Table 4.24. Monthly cash flow from cropping activities of representative farm household in 
Trapeang Run, 2011-12 91 
Table 4.25. Mean and distribution of cash income by source, Trapeang Run, 2011-2012 95 
Table 4.26. Cash income by source and size of landholding in Trapeang Run, 2011-12 (USD) 95 
Table 4.27. Cash income by source and size of household labour force in Trapeang Run, 2011-12 
(USD) 96 
Table 4.28. Regression of total household cash income on 8 variables for Trapeang Run survey 
sample (n=79), 2012 96 
Table 5.1. Chemical elements and soil texture of radish and non-radish land plots in Snao 103 
Table 5.2. Measurement of groundwater levels in Snao, 2012-13 109 
Table 5.3. Household composition in Snao, 2012 111 
Table 5.4. Age and gender of household heads, Snao, 2012 111 
Table 5.5. Occupations of economically active household members, Snao, 2012 (%) 112 
Table 5.6. Ownership of DS rice land and upland by area of WS rice land owned, Snao, 2012 116 
Table 5.7. Area and yield of rice varieties cultivated in WS, DS, and EWS in Snao (2011-12) 119 
Table 5.8. Labour requirement for WS rice production in Snao, 2011 (labour-days/ha) 122 
Table 5.9. Material inputs for WS rice production, Snao, 2011 123 
Table 5.10. Unit costs and returns for WS rice production, Snao, 2011 124 
Table 5.11. Estimated rice surplus/deficit and net cash flow from WS rice crop in Snao (2011) 125 
Table 5.12. Factors influencing the rice status of households based on WS crop 2011 125 
Table 5.13. Labour requirements for EWS rice production in Snao in 2011 (labour-days/ha) 127 
Table 5.14. Material inputs for EWS rice production in Snao, 2011 128 
Table 5.15. Unit costs and returns of EWS rice production in Snao, 2011 129 
Table 5.16. Estimated rice surplus/deficit and net cash flow from combined WS and EWS rice 
production in Snao, 2011 129 
Table 5.17. Impact of EWS rice on WS rice-deficit households in Snao, 2011 130 
Table 5.18. Regression of paddy surplus (kg) on selected variables for Snao survey sample, 2011
 130 
Table 5.19. Labour requirements for radish production (labour-days/ha), 2012 132 
Table 5.20. Material inputs for radish production, 2012 135 
Table 5.21. Unit costs and returns for DS radish production, Snao, 2012 136 
Table 5.22. Costs and returns per farm-household for DS radish production, Snao, 2012 136 
Table 5.23. Area and gross income of radish crop by season and land-type, Snao, 2011-12 137 
Table 5.24. Farm resources of non-radish and radish farm households in Snao, 2013 138 
 xvi 
Table 5.25. Major sources of annual gross cash income for non-radish and radish farm households 
in Snao, 2013 (USD) 138 
Table 5.26. Material inputs for DS rice production in Snao, 2012 139 
Table 5.27. Unit costs and returns for DS rice production, 2012 140 
Table 5.28. Numbers and value of cattle owned and/or kept by cattle-rearing households in Snao,    
by category (2011) 142 
Table 5.29. Reported market prices of cattle in Snao in 2011 (USD/head) 143 
Table 5.30. Numbers and value of pigs, chickens, and ducks owned, Snao, 2012 149 
Table 5.31. Inputs, outputs, rice status, and net cash flow of representative whole-farm systems  
with and without DS rice, Snao 150 
Table 5.32. Monthly profile of cash flow for representative farms in Snao 154 
Table 5.33. Mean and distribution of gross cash income by source in Snao, 2011-2012 157 
Table 5.34. Gross cash income by source and size of landholding in Snao, 2011 (USD) 158 
Table 5.35. Mean cash income by income source and size of household labour-force in Snao,     
2011 (USD) 158 
Table 5.36. Regression of total household cash income on 8 variables for Snao survey sample 
(n=62), 2011 159 
Table 6.1. Household composition in Ta Daeng Thmei, 2011 165 
Table 6.2. Age and gender of household heads in Ta Daeng Thmei, 2011 166 
Table 6.3. Occupations of economically active household members in Ta Daeng Thmei, 2011 (%)
 166 
Table 6.4. Household land ownership by land type in Ta Daeng Thmei, 2011 167 
Table 6.5. Area and yield of non-rice crops by season and land-type in Ta Daeng Thmei (2010-11)
 169 
Table 6.6. Labour requirements for WS rice production in Ta Daeng Thmei, 2010 (labour-days/ha)
 173 
Table 6.7. Area and yield of rice varieties cultivated in WS and EWS in Ta Daeng Thmei, 2010 174 
Table 6.8. Regression of WS rice yield (kg/ha) on 4 variables for the Ta Daeng Thmei survey 
sample, 2010 174 
Table 6.9. Material inputs for WS rice production in Ta Daeng Thmei, 2010 176 
Table 6.10. Unit costs and returns for WS rice production in Ta Daeng Thmei, 2010 176 
Table 6.11. Estimated surplus/deficit and net cash flow from a WS rice crop in Ta Daeng Thmei, 
2010 177 
Table 6.12. Comparison of rice-deficit and rice-surplus households in Ta Daeng Thmei, 2010 178 
 xvii 
Table 6.13. Labour requirement for EWS rice production in Ta Daeng Thmei, 2010 (labour-days/ha)
 179 
Table 6.14. Material inputs for EWS rice production in Ta Daeng Thmei, 2010 180 
Table 6.15. Unit costs and returns of EWS rice production, in Ta Daeng Thmei, 2010 181 
Table 6.16. Actual costs and returns for EWS rice production in Ta Daeng Thmei, 2010 181 
Table 6.17. Estimated surplus/deficit and net cash flow from combined WS and EWS rice 
production, 2010-11 182 
Table 6.18. Impact of EWS rice cultivation on rice-deficit households in Ta Daeng Thmei, 2010 182 
Table 6.19. Labour requirement for peanut production in Ta Daeng Thmei, 2011 (labour-days/ha)
 186 
Table 6.20. Material inputs for peanut production in Ta Daeng Thmei, 2011 (kg/ha) 187 
Table 6.21. Unit costs and returns for DS peanut production in Ta Daeng Thmei, 2011 188 
Table 6.22. Costs and returns per farm-household for DS peanut production in Ta Daeng Thmei, 
2011 188 
Table 6.23. Numbers and value of cattle owned in Ta Daeng Thmei, by category (2011) 189 
Table 6.24. Reported market prices for cattle in various age ranges in Ta Daeng Thmei, 2011 
(USD/head) 190 
Table 6.25. Non-marketed outputs of cattle in Ta Daeng Thmei, 2010-11 193 
Table 6.26. Numbers and value of pigs and poultry owned in Ta Daeng Thmei, by category (2011)
 195 
Table 6.27. Input, output and net cash flow of a representative cropping system in Ta Daeng Thmei, 
2010-2011 196 
Table 6.28. Profile of cash flow from cropping activities of representative farm (1.3 ha) in Ta 
Daeng Thmei, 2010-11 198 
Table 6.29. Mean and distribution of gross cash income by source in Ta Daeng Thmei, 2010-2011
 202 
Table 6.30. Gross cash income by source and size of landholding in Ta Daeng Thmei, 2011 (USD)
 202 
Table 6.31. Mean cash income by income source and size of household labour-force in Ta Daeng 
Thmei, 2010-2011 (USD) 203 
Table 6.32. Regression of total household cash income (USD) on 6 variables for the Ta Daeng 
Thmei survey sample, 2011 203 
Table 7.1. Major characteristics of the case-study villages 207 
Table 7.2. Characteristics of WS rice cultivation in the case-study villages 212 
Table 7.3. Average material and labour inputs for WS rice cultivation in the case-study villages 213 
 xviii 
Table 7.4. Average unit costs and returns for WS rice production in the case-study villages 214 
Table 7.5. Characteristics of EWS rice cultivation in the case-study villages 216 
Table 7.6. Material and labour inputs for EWS rice cultivation in the case-study villages 217 
Table 7.7. Average unit costs and returns for EWS rice production in the case-study villages 218 
Table 7.8. Characteristics of DS non-rice crop cultivation in the case-study villages 219 
Table 7.9. Material and labour inputs per ha for DS crop cultivation in the case-study villages 220 
Table 7.10. Average unit costs and returns for DS non-rice crop production in the case-study 
villages 220 
Table 7.11. Unit costs and returns for experimental mungbean and peanut cultivation, 2009-2010
 221 
Table 7.12. Annual inputs, outputs, and net cash flow of representative cropping systems in the 
case-study villages 224 
Table 7.13. Cash flow for cropping year (May-April) in representative farms in the case-study 
villages 227 
Table 7.14. Comparison of cattle raising at village and household levels in the case-study villages
 231 
Table 7.15. Comparison of cash income sources in the case-study villages 234 
 
 xix 
List of Figures 
Figure 1.1. Distribution of rice-based rainfed lowlands in Asia (Haefele et al., 2004) 2 
Figure 1.2. Rice ecosystems in Cambodia – light green areas correspond to the rainfed lowlands 
(Source: Open Development Cambodia, 2014) 5 
Figure 1.3. Percentage of families with less than one hectare of rice land (Source: Open 
Development Cambodia, 2014) 6 
Figure 2.1. Cambodia and surrounding countries in the Indochina Peninsula               
(Encyclopaedia Britannica 1994) 13 
Figure 2.2. Annual rainfall pattern in different ecosystems (MORAM, 1999-2013;                   
MAFF, 1999-2013) 15 
Figure 2.3. Rice ecosystems in Cambodia (CARDI) 17 
Figure 2.4. Official figures of annual fertilizer imports (FAOSTAT) 24 
Figure 3.1. Locations of the three study districts in Takeo and Kampong Speu Provinces       
(Source: CARDI) 34 
Figure 3.2. Annual rainfall for Takeo and Kampong Speu Provinces and Cambodia, 1999-2013 
(MORAM, 1999-2013; MAFF, 1999-2013) 40 
Figure 3.3. Monthly mean rainfall and monthly rainfall range for Takeo and Kampong Speu 
Provinces, 1980-2012 (PDA Takeo, 1980-2012; CARDI, 1980-2012) 41 
Figure 3.4. Chance of monthly rainfall exceeding specified thresholds in Takeo Province           
(PDA Takeo, 1980-2012) 41 
Figure 3.5. Chance of monthly rainfall exceeding specified thresholds in Kampong Speu       
Province (CARDI, 1996-2012) 42 
Figure 3.6. Interview with farmer and daughter (first and second left) in Ta Daeng Thmei       
Village, March 2011 43 
Figure 3.7. Discussion with the village head of Snao Village (left), July 2012 44 
Figure 3.8. Interview with rice farmers (first and second right) and local rice broker                
(background) in Prey Kabas District, July 2012 45 
Figure 3.9. Interview with port rice trader (first right) and local rice collector/truck owner            
(second right) at Angkor Borei port in Angkor Borei District, July 2012 46 
Figure 3.10. Observing the unloading of rice from a truck to a boat at Angkor Borei port in                     
Angkor Borei District, July 2012 46 
Figure 3.11. Harvesting radish in Snao Village, March 2012 47 
Figure 3.12. Measurement of groundwater level in Snao Village, January 2013 48 
Figure 3.13. Measurement of pond water level in Trapeang Run Village, March 2013 48 
 xx 
Figure 3.14. Collection of soil samples from non-radish land in Snao Village, March 2013 49 
Figure 3.15. Experimental field of mungbean in paddy fields in Takeo Province 50 
Figure 4.1. Paddy land in the early dry season in Trapeang Run, January 2012 54 
Figure 4.2. Distribution of the population inTrapeang Run by age group and sex                    
(Village Statistics, 2011) 55 
Figure 4.3. Layout of Trapeang Run Village 56 
Figure 4.4. One of the dry canals in Trapeang Run in the dry season, April 2012 56 
Figure 4.5. Distribution of paddy landholdings by household in Trapeang Run 60 
Figure 4.6. Distribution of paddy plots by household in Trapeang Run 61 
Figure 4.7. Distribution of pond establishment by year in Trapeang Run 62 
Figure 4.8. Digging a small pond on paddy land next to a residential area in Trapeang Run,       
April 2012 62 
Figure 4.9. Important uses for ponds in Trapeang Run 63 
Figure 4.10. Measurement of pond water level in Trapeang Run, March 2013 64 
Figure 4.11. Standing water levels of 11 selected ponds in Trapeang Run in the 2012-13               
dry season (December 2012 to April 2013) with trend-line 65 
Figure 4.12. Average labour chart for 1 ha of WS rice crop cultivation in Trapeang Run, 2012 70 
Figure 4.13. Distribution of the area (ha) of EWS rice in Trapeang Run 73 
Figure 4.14. Average labour input chart for 1 ha of EWS rice in Trapeang Run, 2011 75 
Figure 4.15. Small plots of convolvulus and watermelon cultivated on paddy land                           
in the dry season in Trapeang Run, February 2012 78 
Figure 4.16. Number of years since adoption of dry-season non-rice crops in Trapeang Run 79 
Figure 4.17. Average labour chart for 0.13 ha of DS non-rice crop cultivation                                  
in Trapeang Run, 2012 80 
Figure 4.18. A cow and calf within a houseyard in Trapeang Run in the middle                                
of the dry season, March, 2012 82 
Figure 4.19. Calendar of cattle feeding systems in Trapeang Run 84 
Figure 4.20. A stack of rice straw in a houseyard for feeding cattle in Trapeang Run.                  
Note arrangement of bundles to shed rain and keep the straw inside the stack dry. 85 
Figure 4.21. Profile of labour inputs for cropping operations on a representative farm in          
Trapeang Run, 2011-12 90 
Figure 4.22. Sources of household cash income in Trapeang Run, 2011-12 92 
Figure 4.23. Breakdown of income sources from non-rice crops and livestock in                      
Trapeang Run, 2011-12 93 
 xxi 
Figure 4.24. Breakdown of income sources from off-farm and non-farm activities in            
Trapeang Run, 2011-12 93 
Figure 4.25. Total annual cash income distribution in Trapeang Run, 2011-12 94 
Figure 5.1. Layout of Snao Village 100 
Figure 5.2. Distribution of Snao population by age group and sex                                            
(Source: Annual Village Statistics, 2011) 100 
Figure 5.3. Cross-sectional view of village land-types and land-use in Snao                                
(elevations derived from Google Earth, accessed in 2013) 101 
Figure 5.4. Irrigation canals in DS rice land area (DS2), Snao Village, July 2012 105 
Figure 5.5. Manually-pumped well for domestic water supply installed next to WS rice          
nursery on the southern field of Snao, July 2012 106 
Figure 5.6. Measuring groundwater level from a tubewell being used to irrigate radish,               
Snao, March 2013 108 
Figure 5.7. Scatter plot of groundwater level measurements in 14 tubewells over five months          
in 2012-13 in Snao 109 
Figure 5.8. A large commonly-owned pond in the southern upland zone, Snao, July 2012 110 
Figure 5.9. Distribution of WS paddy landholdings by household, Snao, 2012 113 
Figure 5.10. Distribution of WS paddy land plots by household, Snao, 2012 114 
Figure 5.11. Distribution of DS paddy landholdings by household, Snao, 2012 114 
Figure 5.12. Large upland land parcels in the southern paddy lands, Snao, July 20112 115 
Figure 5.13. Distribution of upland holdings by household 115 
Figure 5.14. Distribution of total land holdings by household, Snao, 2012 116 
Figure 5.15. Cropping calendar for Snao 118 
Figure 5.16. Average labour chart for WS rice cultivation, Snao 122 
Figure 5.17. Area of EWS rice cultivated in Snao in 2011, by household 126 
Figure 5.18. EWS rice cultivated on northern paddy land, Snao, July 2012 127 
Figure 5.19. Distribution of area cultivated with radish in Snao in DS 2012, by household 131 
Figure 5.20. Raising beds by cattle-drawn plough for second radish cultivation, Snao,          
February 2013 132 
Figure 5.21. Radish plots after planting and mulching with rice straw, Snao, February 2012 133 
Figure 5.22. Weeding the radish beds by hired and exchange workers, Snao, February 2012 134 
Figure 5.23. Watering and harvesting the radish crop by hired labour, Snao, March 2012 134 
Figure 5.24. Local breed of yellow cattle (kor srok) tethered for grazing on WS paddy field            
in DS in Snao, March 2012 141 
 xxii 
Figure 5.25. A white Haryana-cross bull tethered for grazing on ploughed paddy land                     
in Snao before second radish cultivation, February 2012 142 
Figure 5.26. Cattle tethered for grazing on paddy fields to north of radish plots in Snao,           
March 2012 144 
Figure 5.27. Collecting native grasses from a cucumber plot in Snao in DS, March 2012 146 
Figure 5.28. Two-wheel tractor forming narrow beds for experimental field of mungbean,   
February 2011 147 
Figure 5.29. Use of 0.6 ha of paddy land for whole-year cropping system in Snao 151 
Figure 5.30. Maturing EWS rice and WS rice seedlings in southern paddy land of Snao,              
July 2012 151 
Figure 5.31. Monthly profile of labour requirements for cropping operations of               
representative farms in Snao 152 
Figure 5.32. Sources of household cash income in Snao, 2011 155 
Figure 5.33. Breakdown of income sources from non-rice crops and livestock in Snao, 2011 156 
Figure 5.34. Total annual cash income distribution in Snao, 2011 156 
Figure 6.1. Distribution of Ta Daeng Thmei village population by age group and sex               
(Source: Village Statistics, 2010) 163 
Figure 6.2. Layout of Ta Daeng Thmei Village 163 
Figure 6.3. A view northward from the paddy fields of Ta Daeng Thmei to the dam wall                          
in the mid-ground and mountainous terrain in the background. 164 
Figure 6.4. Distribution of paddy land holdings by household in Ta Daeng Thmei, 2011 168 
Figure 6.5. Cropping calendar for three main uses of paddy land in Ta Daeng Thmei 170 
Figure 6.6. Distribution of WS rice cultivated area in Ta Daeng Thmei, 2010 (ha) 172 
Figure 6.7. Average labour chart for WS rice cultivation in Ta Daeng Thmei, 2010 173 
Figure 6.8. Scatter plot and trend line of WS rice yield (t/ha) versus cultivated area (ha)                               
in Ta Daeng Thmei, 2010 175 
Figure 6.9. Number of years since adoption of EWS rice production in Ta Daeng Thmei 178 
Figure 6.10. Average labour chart for EWS rice production in Ta Daeng Thmei in 2010 180 
Figure 6.11. Number of years since the adoption of peanut cultivation on upland and paddy                
land in Ta Daeng Thmei 183 
Figure 6.12. Peanut crop at the establishment stage in Ta Daeng Thmei, January 2011 184 
Figure 6.13. Peanuts plots affected by unusual heavy rainfall in late March 2011 in                                    
Ta Daeng Thmei, 2011 185 
Figure 6.14. DS rice cultivated by a few farmers to supplement rice supply due to poor                                  
WS rice yield in Ta Daeng Thmei, January 2011 185 
 xxiii 
Figure 6.15. Average labour chart for 1 ha of DS peanut production in Ta Daeng Thmei in 2011 186 
Figure 6.16. A Harayana-cross cow tethered for grazing on paddy field in Ta Daeng Thmei                
in April, 2012, in the short window between the DS peanut and EWS rice crops.                         
Note the poor body condition towards the end of the DS. 191 
Figure 6.17. Cattle feeding systems in Ta Daeng Thmei 192 
Figure 6.18. Transport of bamboo from village to the market in Ta Daeng Thmei on                              
National Road 3, 2010 193 
Figure 6.19. Sale of cattle and prices obtained among 24 households in Ta Daeng Thmei                    
in 2010 195 
Figure 6.20. Profile of labour input for a representative farm (1.3 ha) in Ta Daeng Thmei,                   
2010-11 197 
Figure 6.21. Sources of household cash income in Ta Daeng Thmei, 2010-11 199 
Figure 6.22. Breakdown of income sources from non-rice crops and livestock                                               
in Ta Daeng Thmei, 2010-11 200 
Figure 6.23. Locations of non-agricultural activities in Ta Daeng Thmei, 2010-11 200 
Figure 6. 24. Distribution of annual cash income from all sources in Ta Daeng Thmei, 2011 201 
Figure 7.1. Manual weeding of peanut field experiment on farmer’s paddy land                                  
in Takeo Province, 2010 222 
Figure 7.2. DS peanut cropping system in Ta Daeng Thmei, February 2012 223 
Figure 7.3. Weighing and unloading paddy rice from a truck at Angkor Borei port,                              
Angkor Borei District, July 2012 229 
Figure 7.4. Loading paddy rice onto a Vietnamese-owned wooden boat                                                        
at Angkor Borei port, Angkor Borei District, July 2012 230 
Figure 7.5. Brahman and Haryana cattle breeds being fed with good quality irrigated forage           
by a leading farmer under the Best Practice Health and Husbandry of Cattle Project in Takeo 
Province, April 2013 233 
 
 xxiv 
List of Abbreviations 
ACIAR – Australian Centre for International Agricultural Research 
ADB – Asian Development Bank 
AIT – Asian Institute of Technology  
ASEAN – Association of South East Asian Nations 
CARDI – Cambodian Agricultural Research and Development Institute 
CIAP – Cambodia-IRRI-Australia Project 
DAHP – Department of Animal Health and Production 
DAP – di-ammonium phospate 
DK – Democratic Kampuchea 
DS – Dry season 
EWS – Eearly wet season 
FAO – Food and Agriculture Organization 
FMD – Foot and mouth disease  
IR – International Rice 
IRRI – International Rice Research Institute 
MAFF – Ministry of Agriculture, Forestry and Fisheries 
masl – metres above sea level 
MOWRAM – Ministry of Water Resources and Meteorology  
NCDD – National Committee for Sub-National Democratic Development 
NCF – Net cash flow 
NIS – National Institute Statistics 
NRHR – Net return to household resources of land, labour, and capital  
NRL – Net return to household labour 
PRK – The People’s Republic of Kampuchea  
UQ – The University of Queensland 
WFP – World Food Program 
WS – Wet season
 1 
CHAPTER 1 
INTRODUCTION 
 
The World Development Report 2008 identified three potential pathways out of poverty for poor, 
subsistence-oriented, rural households, of which the first is pursuing the intensification, 
diversification, and commercialisation of smallholder farming; the others are rural non-farm 
employment and rural-urban migration (World Bank, 2007). The rice-growing rainfed lowlands of 
Asia are the location of much rural poverty and the focus of increased research effort to support this 
agricultural development pathway out of rural poverty. This thesis explores the potential for 
agricultural development and poverty reduction in the rainfed lowlands of Cambodia, with 
particular emphasis on the role of water.  
1.1 Challenges of Rice Farming in the Rainfed Lowlands of Asia 
The rainfed lowlands of South and Southeast Asia are described as flat to slightly sloping plains 
with bunded fields and non-continuous flooding by standing water of variable depth and duration 
(Zeigler and Puckridge, 1995). The bunds (or small levees) are essential for retaining the rainfall for 
rice cropping, from planting to harvest. The bunds are not only able to hold water to meet the 
requirements of the rice plant, but the water also helps to control weeds, one of the main constraints 
in rice production (Nesbitt and Chan, 1997). The rainfed lowland rice environment is the second 
largest rice-producing environment in Asia, accounting for 25% of the rice area, with the irrigated 
area accounting for 54% and the uplands and flood-prone environments accounting for 13% and 9%, 
respectively (Wade et al., 1999; Fischer et al, 2014). The total rainfed rice area accounts for over 46 
million ha in South and Southeast Asia of 52 million ha of rainfed lowland rice worldwide (Figure 
1.1).  
The rainfed lowlands are an important resource for more than 500 million mostly poor people who 
have to survive in regions where there are usually no other alternatives (Zeigler and Puckridge, 
1995). Even though the rainfed lowlands are one of the main rice-producing ecosystems and feed 
millions of people throughout Asia, only one rice crop per year is usually cultivated in this 
environment, as rice crops are dependent on rainfall and there is usually no access to water in the 
dry season for second cropping (Fukai, 2001). Rainfed lowland farmers tend to cultivate traditional 
cultivars with few inputs and commonly harvest low yields (Fukai, 2001). Average grain yields are 
less than half those of irrigated rice (Wade et al., 1999). The average yield of the 52 million ha 
where rainfed lowland rice is grown was less than 2 t/ha in the 1990s and only slightly more than 2 
t/ha in 2008-10 (Zeigler and Puckridge, 1995; Fischer et al., 2014). This environment is also 
associated with large year-to-year variability in production, as verified by studies Laos and 
Cambodia (Pandey, 2001; Chea et al., 2001), hence farmers in this environment face considerable 
risk.  
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Figure 1.1. Distribution of rice-based rainfed lowlands in Asia (Haefele et al., 2004) 
The productivity of rice farming in the rainfed lowlands of Asia has been limited by biophysical and 
socioeconomic constraints, including soils, climate, pests, and resource limitations. Soil type is a 
potential production constraint for the rainfed lowlands, as it can significantly influence water and 
nutrient holding capacity. Most rainfed lowland soils, particularly in Southeast Asia, have 
significant fertility constraints to improving productivity (Wade et al., 1999). The soil chemical 
imbalance in areas used for rainfed lowland rice can have an adverse impact on the productivity of 
the ecosystem (Zeigler and Puckridge, 1995). Fukai (2001) also reports that the predominantly 
light-textured sandy soils in the rainfed lowlands in Southeast Asia are a constraint to rice 
production, because of poor water retention properties and low fertility. White et al. (1997) cite the 
same constraints for nearly half the agricultural land in Cambodia (White et al., 1997).  
As rainfall is the main or only source of water, the amount and timing of rainfall is a critical factor 
in determining rice yields in the rainfed lowlands (Zeigler and Puckridge, 1995; Hossain et al., 
1994). Even though total rainfall in a given season can far exceed the water requirement of the rice 
crops, within-season drought remains a serious potential constraint, and in most areas there is 
insufficient water for any post-rice cropping (Garrity et al., 1986). Rainfall in the rainfed lowlands 
is also highly variable from year-to-year, leading to large annual variability in rice yields (Saenjan 
and Garnier, 1990). In addition, rainfed lowland rice cropping is commonly associated with low 
yields because of the frequent occurrence of drought. More than 50% of the rainfed lowland rice 
area in Asia is classified as drought-prone, while only about 20% is estimated to have a favourable 
production environment (Huke, 1982).  
Some areas in the rainfed lowland environment frequently experience both droughts and floods. 
Droughts can occur at any time in the crop growth cycle, from planting to harvest; floods can also 
completely submerge a crop for an extended period in low-lying areas and river deltas (Zeigler and 
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Puckridge, 1995). Rainfall can vary enormously, between and within years, and areas which suffer a 
drought in one year may be destroyed by a flood the following year, or even later in the same 
season. Floods resulting from cyclones and torrential rain contributed to famine conditions and the 
death of between 1.5 and 3 million people in Bengal in 1943. In Bihar State, where the rainfed 
lowlands constitute the main rice-producing environment, total rice production dropped from 4.3 
million tonnes in 1965 to 1.6 million tonnes in 1966 in response to drought conditions (Sarma, 
1989).  
Irregular water availability in the paddy fields can be associated with increased severity of pest 
problems, including weeds, insects, and diseases (Javier, 1997; Wade et al., 1999). Alternate wet 
and dry conditions can favour the emergence and growth of weeds which compete with the rice for 
nutrients, water, and light. Weeds are rated as the most severe biotic constraint, while losses to pests 
and diseases are seen as potentially less limiting than in irrigated systems (Dey et al., 1994; 
Upadhyaya and Thapa, 1994; Zeigler and Puckridge, 1995).   
Farm household resources and inputs are also a potential constraint to improving rice productivity 
in the rainfed lowlands. Farm households in these areas are generally resource-poor with small 
fragmented landholdings; they have little opportunity to access inputs, credit, and markets (Zeigler 
and Puckridge, 1995). Because of the climatic uncertainty (droughts and floods) and their lack of 
resources, rainfed lowland farmers prefer not to take the risk of buying fertilizer to apply their 
paddy fields (CRRI, 1990; Fukai, 2001; Wade et al., 1999; Zeigler and Puckridge, 1995). Mineral 
fertilizers are also not always available in lowland areas, even if farmers wish to apply them 
(Zeigler and Puckridge, 1995). When fertilizers are purchased, they are usually applied at low rates, 
e.g. 30 kg N/ha or less (Singh et al., 1994; Linquist et al., 1998). There is also little mechanisation 
of rainfed lowland rice production, when compared with irrigated and upland cropping areas 
(NCDD, 2010). 
Research and development in the rainfed environment aims to deal with a multitude of complex 
issues, because rainfed areas differ from irrigated ecosystems and experience a greater range of 
severe problems relating to the limitations of natural resources, poverty, and food insecurity 
(Devendra, 2000). While some of the biophysical and socioeconomic constraints can be alleviated, 
the rainfed lowland environment has also been under mounting pressure from the growing 
population. The projections on rice demand indicate that about 30% of future needs will need to be 
supplied by the rainfed lowland production environment (Scobie et al., 1993). However, there has 
been relatively little recent expansion in the area under rice cultivation in Asia because the most 
suitable areas for rice production are already under cultivation (IRRI, 1993; Fischer et al., 2014).  In 
addition, the expansion of residential and industrial areas in Indonesia’s Java and Luzon in the 
Philippines, has taken thousands of hectares of prime land out of rice cultivation each year (Zeigler 
and Puckridge, 1995). 
Zeigler and Puckridge (1995) explain that to meet   the future demand for food in South and 
Southeast Asia, more food of better quality will need to be produced with less water on less land, 
and on land of lower quality, by fewer farmers, for more people. The 52 million ha in the rainfed 
lowlands, with average yields of around 2 t/ha, will be expected to play a pivotal role in meeting 
this daunting challenge, but achieving the productivity goal will require substantial investment. As 
pressure for increased agricultural production grows, the rainfed lowlands will become more 
intensively used, with the traditional practice of fallowing being reduced or eliminated, the number 
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of crops grown per year increasing, and grazing pressure on fallow fields also increasing. With 
increasing population, the pressures will not only be on land use but also on other farm resources 
such as farmyard manure (Fujisaka, 1990). 
Future food supply will depend heavily on the rainfed lowland environment, so improving the 
productivity of the ecosystem should be considered a priority, as the development of irrigated rice 
alone will not be able to cope with the increased food demand (Fischer et al., 2014). More than 20 
years ago, Rosegrant (1991) suggested that improving rainfed rice production was becoming 
relatively more important because the rate of investment in irrigation projects was falling after 
reaching a peak during 1975-1985. Much research and investment has been directed into irrigated 
systems, especially during the era of the green revolution. The irrigated rice environment has 
produced large quantities of grain to help feed the growing population in Asia and other parts of the 
world. India’s irrigated rice area increased rapidly from the early 1960s to the 1980s, peaking at 
around 2000 and then declining to the current area of around 23 million ha (Zeigler and Puckridge, 
1995; Fischer et al., 2014). The development of the rainfed lowlands also will also be dependent on 
underground water resources for potential irrigation, the development of new resilient rice cultivars 
better adapted to drought and flood, the use of mineral fertilizers, mechanisation, and greater crop 
diversification.  
Irrigated rice areas have also benefited from underground water resources in India, with 
approximately 50% of the irrigated area having access to groundwater through tubewells, 38% 
dependent on canal irrigation and 7% being supplied by tank water (Vyas and Reddy, 1993). The 
development of submergence-tolerant rice varieties, in combination with more input-responsive 
cultivars, should contribute to increasing the productivity of rice on the 7 million ha subjected to 
moderate flooding in the rainfed lowlands (Zeigler and Puckridge, 1995). According to Coxhead 
and Jayasuriya (1994), improving productivity in the lowlands is a cost-effective means of reducing 
the pressure on the more fragile uplands; hence, there will also be both economic and environmental 
benefits from the development of the rainfed lowlands.  
New technology adoption in the rainfed lowlands remains far behind irrigated rice areas, thereby 
contributing to the increasing yield gap between the two environments (Fischer et al., 2014). In 
general, farmers in rainfed lowland regions continue to grow traditional rice cultivars and traditional 
cultivation methods (Fukai, 2001; Zeigler and Puckridge, 1995). Even though hundreds of millions 
of the poorest people in Asia are dependent on the rainfed lowlands for their livelihoods, rice 
production in this environment has not really benefited from the technological advances that have 
been successful in the irrigated rice environment (Zeigler and Puckridge, 1995). Irrigated rice has 
benefited from access to small and large mechanical equipment, modern rice cultivars, mineral 
fertilizers, and particularly important, market based trading of grain output. Hossain (1995) reported 
increases in the yields in the rainfed lowland rice, but at a much slower rate than in the irrigated 
ecosystem. This continuing yield gap has been confirmed in a recent comparative study (Fischer et 
al., 2014). The low rate of technology adoption in the rainfed lowland environment partly reflects 
the lack of suitability of past technology developments, rather than because of farmer backwardness 
or risk aversion (Fujisaka, 1993).  
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1.2 Rainfed Lowland Farming in Cambodia 
Rice has been cultivated by Khmer farm-households under rainfed lowland conditions in Cambodia 
for at least 2,000 years (Helmers, 1997). Some historians have suggested that rice has been 
cultivated in Cambodia since 3,500-4,500 years BP (Chandler, 1993; Michel, 2003). In Cambodia, 
the rainfed lowlands comprise the largest area used for staple food production and the most densely 
settled areas in the country (Figure 1.2). The population density of the rainfed lowlands is 100-400 
people per sq. km, compared with 4-50 persons per sq km in the more sparsely populated upland 
areas (NIS, 2008). About 87% of the total area of 2.74 million ha of rice cultivated annually in 
Cambodia is classified as rainfed lowlands (MAFF, 2013).  
 
Figure 1.2. Rice ecosystems in Cambodia – light green areas correspond to the rainfed lowlands 
(Source: Open Development Cambodia, 2014) 
Despite Cambodia’s recent economic growth, agriculture’s share of GDP remains high at 34%, with 
industry contributing 24%, and services, 42% (MAFF, 2009). More importantly, the agricultural 
sector still accounts for 78% of total employment (NIS, 2008). The rice sub-sector contributes the 
largest share of the total value of agricultural production. Rice is cultivated in over 90% of the total 
cropped area. Rice accounts for 84% of the country’s annual food crop production, and provides 
68% of the population’s total energy requirement (Helmers, 1997). Rice production is the major 
source of food for Cambodians and also the major source of income for most of the rural poor. The 
success or failure of the rice crop can determine the food security of the country. 
As in Asia as whole, rice cultivation in the rainfed lowlands of Cambodia is carried out under 
various pressures, including the seasonality and variability of rainfall, limited access to irrigation, 
poor soil fertility, weed and pest problems, reliance on conventional farming practices, and limited 
 6 
farm resources and inputs, all of which limit the majority of households to producing rice at 
subsistence or below subsistence level (refer to Chapter 2). Given the monsoonal (wet-dry) climate 
and in the absence of irrigation, a single rice crop cultivated under rainfed conditions is the norm 
throughout the rainfed lowland rice environment of Cambodia. The rice crop is cultivated in the wet 
season and the land is then left fallow until the following wet season, with no other use of the land 
apart from stubble grazing by cattle and buffaloes (Chea et al., 2001). Due to the lack of irrigation 
and drainage systems, the harvested area of lowland rice in the wet season is, on average, reduced 
by between 5 and 20% because of the frequent occurrence of floods and drought (Chea and 
Yasunobu, 2006). In addition, opportunities for productive employment of land and labour in the 
dry season are limited. 
Farm size varies widely throughout the country, from less than 0.5 ha to over 3 ha. Reflecting the 
land reforms of the 1980s and subsequent population growth, farmers in the rainfed lowlands have 
limited paddy land, especially in the south-west of the country (Figure 1.3). Farm sizes in the 
rainfed lowlands typically average less than 1 ha per household, though ownership of more than 2 
ha occurs in a number of provinces in north-western Cambodia where the population density is 
lower (Helmers, 1997; Rickman et al., 1995). Small farms in an environment unsuitable for more 
than one rice crop annually can generally support the subsistence rice requirements of an average 
household, but cannot provide the basis for generating cash incomes, leaving households vulnerable 
and in poverty. 
 
Figure 1.3. Percentage of families with less than one hectare of rice land (Source: Open 
Development Cambodia, 2014)   
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Most farm households in the lowlands are resource-poor, so they have little opportunity to access 
farming inputs, credit sources, and markets. Most rice soils need to receive supplementary mineral 
fertilizers, without which grain yields remain low. Further, unreliable annual rainfall increases the 
risk of drought and discourages farmers from investing their limited cash resources in fertilizer. 
Farmers prefer to risk low yields than face financial risks. Rice yields in the rainfed lowland 
environment are also frequently affected by insects, diseases, and weeds due to the uncertainty of 
rainfall. The use of agrochemical inputs is low and often associated with limited access to technical 
advice. Mechanisation in the rainfed lowlands is also at an early stage of development. 
The Khmer Rouge regime (1975-1979) brutally forced people to construct irrigation systems 
throughout Cambodia, as part of their ambitious plan of achieving two or three rice crops a year. 
However, this ambition failed and left the country’s agriculture in disarray. In the 1990s, the 
average rice grain yield from rainfed lowland rice crops in Cambodia was as low as 1.5 t/ha, one of 
the lowest in Asia (Nesbitt, 1997a; Javier, 1997). This reflected not only the poor soils, but that 
90% of the rice-growing area was solely dependent on rainfall. Though the irrigated area has tripled 
since the 1970s, the total irrigated area in 2011represented only about 9% of the country’s arable 
land. In spite of the generally flat topography of Cambodia’s Central Plain that would be suitable 
for the development of gravity-fed canal irrigation systems, suitable locations for reservoir 
construction to supply such systems are very difficult to find (Johnston et al., 2013).  
Following the collapse of the Khmer Rouge regime in 1979, agricultural research in Cambodia 
resumed in the late 1980s. The primary research objective was to improve rice production because 
the country was experiencing a chronic rice shortage. As a result of this research, 37 improved 
varieties have been developed and released by 2006, mainly for the rainfed lowlands, with a yield 
range of 2.5 to 4.5 t/ha (Sakhan et al., 2007). Apart from the release of the improved rice varieties, 
the rice soils were classified for their nutrient status and management. The research program also 
covered the area of rice agronomy, pest management, and mechanisation (Nesbitt, 1997b). More 
than two decades of research effort has had a significant impact on rice yields and production in 
Cambodia. The current national rice yield averages 2.9 t/ha, compares with 1.1 t/ha in the 1960s and 
1.5 t/ha in the 1990s (MAFF, 2013; Helmers, 1997; Nesbitt, 1997b).   
Farmers in the rainfed lowlands of Cambodia are still largely dependent on conventional farming 
practices, low-yielding traditional rice varieties, very low rates of inorganic fertilizers, almost no 
use of agrochemical inputs, and little mechanization of land preparation or harvesting. Despite new 
improved rice varieties being available with high yield potential, the adoption of these varieties 
remains relatively low. Farmers continue to use traditional rice varieties because of their good grain 
qualities and adaptability to specific biotic stresses. However, these traditional varieties are mostly 
low-yielding, particularly when cultivated on poor soils in the absence of applied fertiliser. 
Apart from farming activities, a significant proportion of farm households throughout Cambodia 
now also depend on non-farm work opportunities for their livelihoods, because a single rice crop 
from a small area provides little opportunity for providing a cash income in an increasing 
commercial economy. The recent rapid development of construction, light industry, and the service 
sector in urban centres, especially in and around Phnom Penh, has provided many job opportunities. 
Young household members frequently migrate to urban areas to seek non-farm employment, to help 
support their families in the villages. However, these young wage earners have few skills and little 
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future earning potential, while their absence from the villages can severely constrain the farm 
labour-force.  
1.3 Research Question, Aims and Objectives    
The primary research question addressed in this thesis is: Can farm households in the rainfed 
lowlands of Cambodia successfully pursue an agricultural development pathway out of rural 
poverty? The central argument is that access to irrigation is the key to developing the lowland rice-
based farming system beyond a single wet-season crop for subsistence. Having access to irrigation 
can increase the opportunities for more intensified, diversified, and market-oriented crop and 
livestock production. Given these opportunities, it is argued that farmers in the lowlands, despite 
their limited resources, can significantly improve their livelihoods through improved farm 
management. 
It has already been observed that intensification of rice production by cultivating an additional 
short-duration rice crop early in the wet season on part of the household’s paddy land, can 
contribute to household food supply and increase cash incomes by 25-40%; however, to be viable 
this requires a source of supplementary irrigation (Chea et al., 2004; Mak, 2001). Research on non-
rice field crops, especially legumes, has also been undertaken with a view to diversifying the 
rainfed lowland system. Besides providing a source of cash income, growing mungbean, groundnut, 
and other legume crops on paddy fields can improve soil fertility. However, both pre-rice and post-
rice crops in the rainfed lowlands have generally failed to produce good yields without access to 
supplementary irrigation, and the adoption of this form of intensification of cropping has been 
limited (CIAP, 1999; Chea et al., 2004; Fukai and Ouk, 2012). Vegetable crops are commonly 
grown in the area immediately adjacent to homes, using water from small ponds. However, the 
expansion of vegetable production onto paddy fields in the dry season would require some form of 
irrigation. With irrigation, a range of other crops for which there is growing market demand could 
potentially be added to the farming system. These additional cropping options would potentially 
make more efficient use of the limited water resources than a dry-season rice crop. 
Cattle have been raised by the majority of farm households in the rainfed lowlands to provide 
draught power, farmyard manure, and wealth accumulation, but not for cash income generation. 
With the decline in the use of animals for draught power, combined with the growing regional 
demand for beef, cattle have the potential for improving farm incomes. However, the lack of good 
quality feed is a major constraint to improving cattle productivity. Paddy fields are committed to 
rice crops in the wet season and left fallow with poor-quality rice stubble in the dry season. Cattle 
production can potentially benefit from access to on-farm irrigation by improving feed sources – 
both the planting of high-quality forages (grasses and legumes) and the by-products of additional 
non-rice crops. For example, peanut crop residue can be a potential source of fodder for ruminants 
in integrated farming systems (Lenné et al., 2003).   
Despite the potential benefits of irrigation, the construction of large-scale irrigation schemes 
appears not to be feasible for the majority of the rainfed lowlands in Cambodia, due to unfavourable 
geographical conditions and the large capital investment required. In addition, the development of 
large-scale irrigation schemes would inevitably be a slow process and only benefit a minority of 
farmers. On-farm irrigation by accessing groundwater and/or farm ponds, may be more feasible for 
farm households with small crop areas. As well as being more affordable for resource-poor 
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households, small on-farm irrigation facilities do not have the same requirements of large 
development projects with on-going maintenance and coordination.   
Building on the central research question, the overall aim of the research relating to this thesis was:  
to understand the current agricultural and economic situation of farm-households in the 
rainfed lowland rice environment of Cambodia, and evaluate the farm management 
options available to them to pursue more intensive, diversified, and commercially-
oriented farming systems, as a potential basis for pursuing an „agricultural 
development pathway out of rural poverty‟. 
Because the pressures on lowland farmers are most acute in the more densely-populated provinces 
of south-western Cambodia, the focus of the research was on understanding the circumstances of 
farmers in this zone and the options available to them. The specific objectives of the research were:  
(1) Describe and evaluate the situation, constraints, and management of farms in rainfed 
lowland villages of southern Cambodia; 
(2) Compare the options available to farm managers and village communities in the 
southern Cambodia in similar biophysical and socioeconomic environments but with 
different degrees of access to irrigation;  
(3) Identify the potential development pathways and adaptive responses of farm 
managers in the rainfed lowlands of southern Cambodia. 
1.4 Research Approach  
Given the emphasis on understanding the current farming situation and identifying the reasoning 
behind farmers’ management responses, a comparative case study approach was adopted (Yin, 
2009). Instead of carrying out a large-scale household survey across the rainfed lowland 
environment, which would generate a useful quantitative dataset about “how many” and “how 
much”, without providing much understanding of the processes and context, a multiple case-study 
design was used. Three lowland villages in Kampong Speu and Takeo Provinces in south-western 
Cambodia were selected to reflect broad similarity in biophysical and socioeconomic environments 
but different degrees of access to irrigation (Chapter 3).  
Village 1 (Trapeang Run in Takeo Province), analysed in Chapter 4, shows the full extent of the 
development problem facing farm-households and villages in the rainfed lowlands, with all the 
constraints described above and elaborated in Chapter 2, including very limited access to irrigation 
in the form of small house-yard ponds. Village 2 (Snao in Takeo Provine), analysed in Chapter 5, 
shows what options become available to farm-households with access to on-farm sources of 
irrigation in the form of  shallow tubewells, to draw on groundwater resources in addition to farm 
ponds. This case also shows the potential for agricultural development with little or no intervention 
by government or other development agencies. Village 3 (Ta Daeng Thmei in Kampong Speu 
Province), analysed in Chapter 6, shows what farmers can do when they have access to a medium-
scale, gravity-fed irrigation facility. Where public investment in such irrigation schemes is feasible 
(physically and financially), farming options are increased. However, this case study shows there 
are also issues that must be addressed at the community level to maintain the irrigation 
infrastructure and manage water use. In Chapter 7, the similarities and differences between the three 
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case-study villages are compared and analysed, to derive generalisations that address the research 
question, aims, and objectives. 
Within the case-study design, there were multiple units of analysis: the three case-study villages 
themselves, different categories of farm-household within each village, individual farm managers, 
village leaders, and other key informants (Chapter 3). At the village level, various sources of data 
were used to develop a profile of the village’s geography, history, settlement pattern, demography, 
farm resources and activities, land use and farming practices. However, the major analytical focus 
was on the integrated management of whole farming systems at the level of the farm-household. A 
whole-farm approach was used to describe and analyse farm-household resources (land, labour, 
water, capital), farming practices and activities (rice, non-rice crops, cattle), off- and non-farm 
employment opportunities, and use of available technical and institutional innovations (cultivars, 
breeds, forages, on-farm irrigation, mechanisation, contract farming, and collective resource 
management).  
A range of methods was used to provide the primary data for the case studies: farm-household 
surveys, key informant interviews, discussions with village heads, direct observations in farms 
(including photography), village walks, soil sampling, and measurement of on-farm water sources. 
In addition, data from field crop experiments, village records, and long-term rainfall data, were 
analysed.   
Conventional tools of farm management economics, such as enterprise budgeting and whole-farm 
analysis, were tailored to the observed decision-making behaviour of the farmers in the study. In 
particular, it was found that the net return to household resources of land, labour, and capital 
(NRHR) and the net return per day of family labour (NRL), were appropriate measures of economic 
productivity in the context faced by most farmers. 
1.5 Overview 
For the case-study approach to provide a useful basis for developing generalisations about the 
research problem, it is important to place the case studies in their wider context. Chapter 2 reviews 
relevant literature and analyses secondary data on the rural geography of Cambodia, and the 
characteristics and challenges of farming in the rainfed lowlands, giving particular attention to 
improved cropping options and the possibilities for irrigation. In Chapter 3 the methodology of the 
research is discussed in more detail and the characteristics of the study area (the three districts in 
south-western Cambodia where the case-study villages are located) are described.  
Chapters 4, 5, and 6 constitute the detailed case-study reports. Each chapter follows a similar 
structure: (i) an analysis of how farm-household and village resources influence the farming system; 
(ii) an assessment of the economics of the major rice and non-rice crop activities; (iii) an account of 
cattle and other livestock production; (iv) a whole-farm analysis for representative types of farm-
households; (v) an evaluation of household income from both farm and non-farm sources. 
Chapter 7 presents the cross-case analysis. The characteristics of the three villages are compared to 
assess the key elements affecting the performance of the farming systems, to place the influence of 
irrigation in context. Each of the main farming activities are then compared across the villages and 
the overall outcomes in relation to farm income and rural livelihoods are assessed.  
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Chapter 8 summarises and evaluates the main arguments of the thesis and draws out the 
implications for further research and agricultural development policy. 
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CHAPTER 2  
A REVIEW OF AGRICULTURAL DEVELOPMENT IN THE  
RAINFED LOWLANDS OF CAMBODIA 
 
2.1 Introduction 
As explained in Chapter 1, the rice-growing rainfed lowlands of Asia are often areas of widespread 
rural poverty, as well as the current focus of research and development efforts to support 
smallholder agricultural development. Rice cultivation in the rainfed lowlands of Cambodia is 
carried out under similar constraints, including the seasonality and variability of rainfall, limited 
access to irrigation, poor soil fertility, weed and pest problems, reliance on conventional farming 
practices, and limited farm resources and inputs. Hence the central question addressed in the thesis: 
Can farm households in the rainfed lowlands of Cambodia successfully pursue an agricultural 
development pathway out of rural poverty? The working hypothesis is that access to irrigation is a 
key factor in developing the lowland rice-based farming system beyond a single wet-season crop for 
subsistence.  
The objective of this chapter is to analyse the nature and extent of the biophysical and 
socioeconomic problems facing farmers in the rainfed lowlands in Cambodia. The chapter first 
reviews relevant literature and analyses data on the rural geography of Cambodia as a whole (land, 
people, soils, climate, agriculture, and rural land tenure). The review then focuses on the rainfed 
lowlands, assessing the biophysical features, the characteristics and resource constraints of farm 
households, and conventional farming practices and activities. The Cambodian government, with 
strong support from international research and development agencies, has made a concerted effort 
to improve rice production and other agricultural activities in the lowlands since the late 1980s. This 
chapter also reviews these efforts and assesses the potential for intensification and diversification of 
rice-based farming systems. Given the central hypothesis that access to irrigation will be a key 
factor in pursuing agricultural development in the lowlands, the chapter concludes with a review of 
large-scale irrigation systems and emerging on-farm sources of irrigation, particularly shallow 
tubewells, to access groundwater resources. 
2.2 Geography of Rural Cambodia   
2.2.1 Land and people 
Cambodia is located on the south-western side of the Indochina Peninsula, with its geographic 
coordinates being 102
o
 and 108
o
 E, and 10
o
 and 15
o
 N (Figure 2.1). The country has an area of 
181,035 km
2
 and is bordered by Thailand to the west and northwest, Lao PDR to the north, and 
Vietnam to the east and southeast. It has 443 km of coastline along the Gulf of Thailand in the 
southwest. The Central Plains are flat with little variation in elevation (5-10 m), stretching from the 
lower southeast to the upper northwest. Surrounding this central lowland region are the Cardamom 
and Elephant mountain ranges in the west and southwest, respectively, the Dangrek Mountains in 
the north, and highlands along the eastern border.  
The principal administrative divisions of Cambodia are 24 provinces, 185 districts, 1,621 
communes, and 14,073 villages. In 2008 the population of Cambodia was approximately 13.4 
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million people, with a density of 75 people per sq.km; the annual population growth rate over the 
decade to 2008 has averaged 1.54% (NIS, 2008). The population is unevenly distributed throughout 
the 24 provinces, ranging from 36,000 to 1,700,000 people per province. Lowland areas are highly 
populated, with a population density ranging between 100 and 400 people per sq. km, except for 
Phnom Penh which has a density of 4,600 people per sq. km. Highland and mountainous areas have 
a population density ranging from 4 to 40 people per sq. km. Nearly one million people (accounting 
less than 10% of the total population) is comprised of ethnic minorities, including Chinese, Cham, 
Vietnamese, Lao, and nearly 20 indigenous groups (UNESCO, 2011). The ethnic Chinese, whose 
livelihoods are based on trading, have settled in towns and cities; the Cham people are dependent on 
fishing for their livelihoods and live along the rivers, Tonle Sap Lake and coastal areas; the 
indigenous groups mainly inhabit the highlands and jungle areas.  
 
Figure 2.1. Cambodia and surrounding countries in the Indochina Peninsula               
(Encyclopaedia Britannica 1994)  
The defining physical feature of the landscape is the Mekong River, which runs through the middle 
of the country from north to south, being intersected by the Tonle Sap and Bassac Rivers near the 
capital, Phnom Penh, from where the rivers flow south to Vietnam. The water level in the Mekong 
River is influenced by melting snow in the Himalaya area of Tibet and precipitation in a number of 
upstream countries, including China, Myanmar, Vietnam, Laos, and Thailand. The water from these 
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sources flows southward through Cambodia for nearly 500 km. The rise in the level of the Mekong 
River in the wet season (June-November) creates a backward water flow in a northwesterly 
direction along the Tonle Sap River into the Great Lake or Beong Tonle Sap, which dominates the 
central region (Figure 2.1). The surface area of the Beong Tonle Sap can expand from 2,600 sq. km 
in the dry season to16,000 sq. km in the wet season (WFP, 2007; Nestbitt, 1997b).  
The rising water level in the Mekong River and Tonle Sap in the monsoon period can flood all 
connected rivers, streams, distributaries, and lakes. In particular, the Tonle Sap and associated rivers, 
streams, canals, lakes, and ponds, play an important role in absorbing and storing the floodwaters, 
thereby controlling flooding and providing a potential water resource for farming activities. The 
floodwaters also annually carry and deposit fresh fertile silt in various rice-growing areas in the 
central floodplain via hundreds of distributaries.   
2.2.2 Soils  
A diversity of soils occurs across the Cambodian landscape. Soils in rice-growing areas are divided 
into three categories based on their physiography: (i) old alluvial and/or colluvial plains; (ii) hills 
and valleys; and (iii) active floodplains (Crocker 1962; Kawaguchi and Kyuma, 1974; Tran, 1985; 
White et al., 1997). The old alluvial-colluvial plains comprise the greatest area, with slightly 
undulating plains forming the majority of Cambodia’s rainfed lowland rice-growing areas, 
particularly in the provinces of Battambang, Banteay Meanchy, Siem Reap, and parts of the 
provinces of Pursat, Kompong Thom, Kompong Cham, and Svay Rieng. On the hills and valleys, 
the process of decomposition of the underlying parent materials has extended the upland rice 
growing areas in the provinces of Kompong Cham, Kompong Thom, Ratnakiri, Stung Treng, and 
Battambang. The floodplains of rivers and lakes that receive annual alluvial deposits are the low-
lying irrigated and deep-water rice-growing areas, which are predominantly located in the southern 
half of the provinces of Takeo, Kandal, and Prey Veng, around the Mekong-Bassac river system.  
Eleven groups of rice soils have been identified, the classification being based mainly on the 
properties of the topsoil, as well the above physiographic regions (White et al., 1997). Nutrient 
management and agricultural production improvement are closely related to the soil classification. 
Because siliceous sedimentary formations are found below the soil surface across the country, a 
large proportion of the landscape is covered with sandy materials (Workman, 1972). Up to 50% of 
the rice-growing area has topsoils (10-40 cm) in the sandy to high sandy soil categories. Close 
management of the nutrient status of these soils (types and amount of fertilizer inputs) is needed to 
achieve reasonable grain yields.   
The amount and reliability of rainfall are the main constraints to the use of sandy soils under 
lowland conditions, on account of droughts, waterlogging, and inundation (White et al., 1997; Bell 
and Seng, 2004; Bell et al., 2005). Soil acidity and low fertility of the sandy soils in Cambodia have 
been identified as severe constraints for crop production (Seng et al., 2005). Apart from poor soil 
fertility severely affecting rice yields, the presence of acid sulphate soils, soil salinity, and iron 
toxicity, has also been identified as factors constraining crop production in many areas of Cambodia.  
Despite the sandy topsoils, a majority of the Cambodian rice-growing soils also have impermeable 
subsoils (Nesbitt and Chan, 1997). With poor drainage of paddy lands, early rice crop growth stages 
(seedling growth and transplanted crops) are susceptible to flooding following heavy rain. The high 
sand content of soils in the upper terraces results in the poorest water- and nutrient-holding capacity. 
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Without proper drainage, the soils and field conditions are generally not suitable for non-rice crops 
in the wet season, including maize, sugar cane, tobacco, sesame, mungbean, and peanuts. On the 
other hand, the fertile, loamy soils which lie along major streams and rivers generally have great 
potential for non-rice crops. However, in the dry season, the sandy rice soils would favour the 
production of non-rice crops, if irrigated and well-drained (Nesbitt and Chan, 1997).  
2.2.3 Climate 
Average annual rainfall in Cambodia ranges from 1,000 mm to 4,000 mm. Figure 2.2 shows the 
average annual rainfall over a fifteen year period for the coastal, uplands, and lowland areas of 
Cambodia. The central plains region, the main lowland area comprising 16 provinces, usually 
receives an annual rainfall of between 1,000 and 1,500 mm. The highland plateau, comprising the 
four north-eastern provinces along the border of the Central Highlands of Vietnam, has an annual 
average rainfall of between 1,700 and 2,500 mm. The highest rainfall of between 2,000 and 4,000 
mm is received in the four provinces in the coastal zone.  
Cambodia experiences two distinct seasons – the wet and dry seasons – based on the distribution of 
monsoonal rains. The wet season is associated with the southwest monsoons which occur from May 
to October. The wet season usually starts with irregular rainfall in March and can extend through to 
early December. Peak rainfall months are usually September and October, when monthly rainfall 
can exceed 200 mm. There is usually a break in the monsoon rains in the months of July and August. 
The dry season is associated with the northeast monsoons which occur from November to April.  
The annual average temperature across the country is about 27
O
C. At the peak of the hot season in 
April, temperature can reach as high as 40
O
C. The minimum temperature in January can drop to 
14
O
C (Nesbitt, 1997b). 
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Figure 2.2. Annual rainfall pattern in different ecosystems (MOWRAM, 1999-2013;                   
MAFF, 1999-2013) 
2.2.4 Agricultural land use and production 
Nearly 2.4 million households, accounting for 84% of the total number of households in Cambodia, 
rely on agriculture for their livelihoods (NCDD, 2010). Apart from Phnom Penh Municipality 
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which has only 6.7% of farming families, the proportion of households engaged in agriculture 
ranges from 64 to 94% across the 24 provinces, with only four provinces below 80%. Of the 
agricultural households, 74% are engaged in rice cropping in addition to the cultivation of other 
crops. Only two provinces, Pailin located in the uplands and Preah Sihanouk in the coastal region, 
have a relative low dependence on rice cultivation, involving 10 and 30% of households, 
respectively.  
The total area of agricultural land or arable land in Cambodia is about 4.5 million ha, accounting for 
25% of the country’s area (MAFF, 2013). Based on the importance of crops contributing to the 
staple diet and the economy, the agricultural land can be divided into: rice production areas, non-
rice crop land, and land for rubber plantations.  
Rice is cultivated on the largest area of agricultural land. The main rice ecosystems are shown in 
Figure 2.3. The rainfed lowlands constitute the dominant rice ecosystem, with wet-season rice 
cultivation taking place on 2.5 million ha (MAFF, 2013). Small areas of rainfed upland rice are 
grown in some northern provinces. Some of the rainfed lowlands are irrigated and can be used for 
crop cultivation again in the dry season. In addition, land in the Mekong-Bassac floodplain in 
eastern Takeo and western Prey Veng Provinces which becomes flooded and uncultivable in the wet 
season, can be cultivated with rice in the dry season. The areas shown as “deepwater rice” in Figure 
2.2 are now mainly used for “recession rice”, (recession rice is rice that is, planted on the slopes of 
the Tonle Sap and other smaller lakes and streams, after the floodwaters recede in the dry season. 
The total area of dry-season rice cultivation is approximately 0.5 million ha (MAFF, 2013). Rice is 
the staple food of the Cambodian people and also contributes to the country’s economy. Around 9.3 
million tonnes of paddy rice were harvested in the 2012-2013 wet and dry seasons, providing a 
large national paddy surplus of nearly 5 million tonnes (MAFFF, 2013).  
The production of non-rice crops on 913,000 ha of land is comprised of cereals, root crops, legumes, 
vegetables, and industrial crops, mainly in the upland environment. Non-rice crops can be divided 
into those cultivated by farm households and those cultivated by large-scale private enterprises, 
which in 2012-2013 produced about 1.76 million tonnes of agricultural produce (MAFF, 2013).  
Rubber land is located in the sloping uplands on red soils with clay texture. This land includes areas 
under smallholder cultivation, agro-industry plantations (the longest established rubber plantations, 
formerly managed by MAFF, are currently owned by private companies), and economic 
concessions owned by private companies. The total area allocated for rubber cultivation was 
619,000 ha in 2012 but the area actually under cultivation t (growing and tapping) was only 280,400 
ha. Total rubber production in 2012 was 64,000 tonnes, worth an estimated USD174.8 million, with 
more than 90% being exported.  
Cambodia also benefits from more than 500,000 tonnes of freshwater fisheries products annually 
from rivers, lakes, and especially the Tonle Sap, and almost 100,000 tonnes of marine fisheries 
products and 74,000 tonnes of aquaculture products. In addition to feeding approximately 15 
million people and producing 91,200 tonnes of processed products, in 2012 a surplus of 21,000 
tonnes of fisheries products was exported.    
Agricultural operations are mainly dependent on conventional farming tools, draught animal power, 
and human labour. Of slightly more than 4 million cattle and buffaloes in Cambodia in 2012, about 
39% were being used to provide draught animal power. Cattle-raising is widely distributed across 
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the 24 provinces, ranging from an estimated 5,000 cattle in the upland province of Pailin to more 
than 400,000 cattle in the lowland province of Kampong Cham. Wet-season lowland rice 
cultivation is mainly reliant on draught animal power, with the ratio of draught animals to cultivated 
land being about 0.6 head to one hectare.  
Mechanisation, including the use of tractors, power tillers, reapers, combine harvesters, and grain 
driers, is still relatively limited. Tractors and power tillers have long been used for land preparation 
and transportation, with the estimated numbers of these machines being about 9,000 and 130,000 
respectively, in 2012. There were only an estimated 4,820 small mechanical harvesters being used 
throughout the country, while grain driers in particular have been a very recent introduction.   
 
Figure 2.3. Rice ecosystems in Cambodia (CARDI) 
2.2.5 Agricultural land tenure  
Traditional Khmer law, as encoded in the Law of Cambodia in the early 1900s, stated that “The 
King is the Master of the Land”, meaning that all land in the Khmer Kingdom belonged to the King 
(Delvert, 1961). Even though the Law stated that there was no private ownership of land, it was 
accepted that peasants who continuously possessed a piece of land had the right to give it away 
and/or hand down the land to their children. The common practice for acquiring land was to find an 
uncultivated patch covered with small and large trees, and to clear this land and convert it into 
paddy fields for rice cultivation. Such land could be inherited by the children after the death of the 
parents, the King notionally regarding this as compensation for the work that went into converting 
the land to rice fields.  
The Cambodian Civil Law of 1920 relating the principle of entire and definitive property, land 
registration of the individual property in Cambodia, and the land problem in Cambodia, were all 
laws and legislation introduced between 1920 and 1940 (Delvert, 1961). Based on existing land 
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legislation, a total of 806,266 land titles covering 1,534,000 ha were registered to 727,000 
landholders in 1950 in the more densely populated Central Plain. The implementation of the land 
ownership law was to ensure that the land owners, as district from land occupiers, had full rights to 
possess, utilise, transfer, and redistribute their land. The average landholding was 1.9 ha but the 
distribution of  holdings was uneven, with 55% owning less than 1 ha, 25% owning 1-2 ha, 12% 
owning 2-5 ha, 7% owning 5-10 ha, 1% owning 10-20 ha, and 0.2% (1,191 landholders) owning 
more than 20 ha. The provinces of Kandal, Takeo, Kampong Speu, Kampong Chhnang, and 
Kampong Cham were the most densely populated areas, where the average holding was less than 2 
ha per household; certain communes in Kandal Province had average holdings below 1 ha. In 
contrast, in the provinces of Prey Veng and Svay Rieng some household landholdings ranged from 
7 to 9 ha.   
The process of land registration in 1950 did not record landless households, but other surveys 
indicated a large number of peasants who owned no farming land and relied on sharecropping or 
rental arrangements to access land (Delvert, 1961). The practice of sharecropping for rice 
production was carried out without written contracts between landowners and tenants. The harvest 
was equally shared between the landowners, who paid the land taxes, and the tenants, who met the 
cost of labour and other inputs. The sharecroppers were often small landholders or landless families. 
Sometimes the landowners were the parents of the sharecropper. Where the landowners were 
elderly, widows, traders, or government employees, they preferred to rent out the land for a fixed 
rent rather than crop it themselves. Both the practices of renting and sharecropping were generally 
on a small scale, with the tenants usually being poor families who needed to grow rice to meet 
household needs.   
The Khmer Rouge regime, which ruled Cambodia as Democratic Kampuchea (DK) between 1975 
and 1979, attempted to create a utopian agrarian society. The central development policy of the 
regime was to rebuild the country through agricultural development, with the aim of intensifying 
rice production through double or triple rice cropping (Helmers, 1997). Cambodia was turned into a 
collective society, and all Cambodian people, whether from urban or rural backgrounds, were 
forced into a form of farm labour slavery (or they faced execution). All land became the property of 
“Angka”, as the Khmer Rouge government was called.  
After the defeat of the Khmer Rouge regime in 1979, the People’s Republic of Kampuchea (PRK) 
established agricultural collectives, officially called “production solidarity groups” (krom samaki 
bangkar bangkaen phal), across the country to restore the devastated agricultural production of the 
DK legacy. The establishment of collective farming was the central agricultural policy of the PRK 
government and its Vietnamese advisers, which favoured a socialist ideology (Frings, 1993). The 
solidarity groups formed under village and commune administration comprised between 10 and 25 
farm families, depending on the population density. Once again, all agricultural land became state 
property and was collectively cultivated by the solidarity groups. The harvested paddy was shared, 
based on three main categories of members: (i) the labour force comprised those who carried out the 
daily hard work; (ii) secondary labourers who carried out light work; and (iii) dependants, including 
the elderly and children. The secondary labourers were to receive between 70 and 80% of what the 
first labourers would receive per day, and the dependants were provided with from 30 to 40% of the 
proportion of the main workforce (Frings, 1993).  
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However, the solidarity of the farming groups gradually deteriorated, and in 1989 the PRK 
government acknowledged that the system was no longer effective. The privatization of land 
ownership was approved, with Cambodian citizens having full rights to manage, use, and inherit 
land. Land ownership then provided the peasants with tenure rights for cultivated land, but the land 
could not be redistributed because all the land was regarded as being state property. The land 
reform was not only based on the PRK government’s need to promote agricultural development, but 
also political motivation to rally popular support. The constitutional amendment privatising land 
was amended during peace negotiations with other Khmer factional parties just one week before the 
second Jakarta Informal Meeting in 1989, when ASEAN was attempting to coordinate a resolution 
of problems within Cambodia (Frings, 1993). Regardless of the motivation, the reforms secured the 
land tenure rights for every peasant family who cultivated agricultural land and harvested their 
crops to meet their personal household needs.   
The production solidarity groups were completely dissolved in 1989 and land was allocated for 
dwellings, farming, and other types of land use. Previously designated paddy land farmed by a 
collective group was allocated to every member of the former collective group; as a result, 
individual farming families often owned several small plots of paddy land in various locations. The 
land ownership reform provided equitable land distribution within each commune, based on the 
number of family members per household.  However, there were inequities from commune to 
commune because of the varying ratios of family numbers to available land among the different 
communes across the country (Helmers, 1997). The land reform also did not result in an even 
distribution of land ownership among farming households within individual villages, as the land 
allocated to each family was based on the number of family members, with individual family 
members being granted, on average, a wet-season rice plot of approximately 0.12 ha. Families with 
a large number of family members who worked as labourers in the solidarity groups generally 
received larger land grants (Chea, 2002).    
The dissolution of collective farming groups and the associated land reform created a majority 
population of small landholders in Cambodia (Vickery, 1992). Most farms are less than 1 ha per 
household (averaging 5-6 members), which is also characteristic of other countries in Asia, with 
87% of a reported 470 million family farms having an area less than 2.0 ha (Devendra, 2007; 
Chuanmin and Falla, 2006; Nagayets, 2005). Farm sizes in Cambodia have changed considerably 
following the historical land privatisation in 1989, reflecting a rapid growth of population, 
migration, and economic development, which have increased activity relating to land inheritance, 
transfers, and trade. Even though there have been no restrictions on buying and selling land, so that 
farmers are free to acquire more property, there has been no trend to increasing farm size, reflecting 
the facts that farmers are mostly resource-poor and the area of paddy land in the rainfed lowlands is 
limited. Farm landholdings vary widely across the country, with the most populated areas of Kandal 
and Kampong Speu Provinces averaging less than 1.0 ha, while in the less populated north-western 
provinces the farm sizes range from 2.0 to 4.0 ha (Helmers, 1997).  
While buying and selling paddy land has been negligible, the traditional practice of transferring 
farm land from parents to children has continued across the country. Cambodian farmers are 
reluctant to sell any of their small plots, because the sale of paddy land is interpreted as “breaking 
the rice cooker”. The Khmer custom is for the parental household to transfer part of its property, 
particularly farming land, to married children, so they can establish independent households of their 
own. Despite a tendency to matrilineality pervading the Khmer kinship system, daughters and sons 
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have equal rights to inherit property, particularly land, after marrying and establishing separate 
households (Ovesen et al., 1996). Apart from land, the inheritance includes cattle and other valued 
assets (such as jewellery, money, and motorcycles), the amount of which depends on the wealth of 
the household and the number of children. The remaining assets including the house, farming land, 
cattle, and farming tools, are inherited by the last child to marry (typically a daughter) who stays 
with and looks after the elderly parents, following a traditional pattern of matrilocal residence. Even 
while physically fit, the parents normally transfer all their remaining assets to the child with whom 
they have decided to remain in their old age (an essential strategy in the absence of any social 
security). Because of this gradual process of separation and inheritance, households are usually 
nuclear families or, in the case of the parental household, stem families.  
2.3 The Rainfed Lowlands in Cambodia 
2.3.1 Biophysical features 
The rainfed lowland rice ecosystem in Cambodia is predominantly found in areas around the Tonle 
Sap and the Mekong and Bassac Rivers, beyond the wet-season flood zone (Figure 2.3). The area of 
rainfed lowland rice in the country has been estimated to be about 2.5 million ha (MAFF, 2013).  
The rainfed lowland ecosystem encompasses almost all soil types in Cambodia but more than 50% 
of the area has soils with both chemical and physical constraints which are difficult to improve by 
soil management and which are the basis of the chronically low grain yields that generally prevail 
(White et al., 1997). The failure to maintain standing water in the rainfed lowland paddy fields can 
result in the leaching of nutrients from the system, contributing to a yield decline over time (Bell et 
al., 2001). The high sand content of paddy field soils also makes them more drought-prone when 
compared with soils with a medium to high clay content in the same rainfall environment (Tsubo et 
al., 2009). 
As previously outlined, most lowland rice-producing areas in Cambodia receive between 1,250 and 
1,750 mm of rainfall (Nesbitt, 1997b). However, it is not just the average annual rainfall which is 
important in determining rice productivity, but also the rainfall pattern, with erratic and uneven 
rainfall distribution having adverse effects on rice grain yields. About 65% of the rainfed lowland 
area in Cambodia is drought-prone, placing it among those countries with the highest incidence of 
drought in Asia (Tsubo et al., 2009).  
Javier (1997) has outlined how irregular rain can potentially affect the different growth stages of 
rice in Cambodia. A delay in early wet season rains in May and June can potentially interrupt 
seedbed and paddy field preparation, and provide favourable conditions for pests such as thrips, 
armyworms, and mole crickets in the seedling nursery. There is often a short drought period 
between July and August, and the dry conditions in this period can be an obstacle to transplanting 
and recovery of the transplanted rice, and cause poor early vegetative growth, while at the same 
time favouring weed growth and competition, particularly in the upper rice terraces. Excessive rains 
during September-October, coupled with flooding from rivers, can also affect crop productivity, 
causing submergence of the rice crop and damage to the leaves from the silt in the floodwaters. 
Finally, a sudden early end to the wet season rains in October and November, during the 
reproductive phase of crop development, can also severely affect final grain yields.   
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The key characteristic of rice varieties suited to the rainfed lowland environment is the ability to 
grow with 20-30 cm of standing water in the upper terraces, 20-40 cm of standing water in the 
middle terraces, and in water with depths greater than 50 cm in the lower terraces (Nesbitt and Chan, 
1997). However, the standing water depth in this environment varies considerably throughout 
Cambodia due to the diverse topography (Fujisaka, 1988; Lando and Mak, 1994). The maturity time 
of rice varieties grown in the different terraces can vary, ranging from early-maturing varieties in 
the upper terraces with shallow water, to late-maturing varieties in the lower terraces with deeper 
water. According to Javier (1997), the cultivated areas of the three maturity categories in Cambodia 
have changed over the three decades from the 1960s (considered as the pre-war period) to the 1990s 
(the post-war period). The area planted to early and medium-maturing varieties has increased from 
72,000 and 309,800 ha, respectively, in the 1960s, to 354,300 and 721,400 ha, respectively, in the 
1990s. Over the same period there was a dramatic drop in the area planted to late-maturing varieties, 
from 1,569,000 ha to 671,000 ha. The proportion of the rainfed lowland area planted to early, 
medium and late-maturing rice varieties also varies among the provinces of Cambodia. Takeo 
Province in southern Cambodia had the largest area (almost 80,000 ha) of early-maturing rice 
varieties in the 1990s. This reflects the predominantly higher terrace topography throughout this 
area and lower rainfall, relative to other parts of the country (Javier, 1997). 
In the 1990s, the average rice grain yield from rainfed lowland rice crops in Cambodia was as low 
as 1.5 t/ha, one of the lowest in Asia (Nesbitt, 1997a; Javier, 1997). This reflected not only the poor 
soils, but that 90% of the rice-growing area was solely dependent on rainfall (i.e. a lack of irrigation 
facilities) Even though yields have increased significantly to nearly 2.9 t/ha (MAFF, 2013), yields 
in this ecosystem remain highly variable throughout the country, reflecting the variability of soil 
fertility, annual rainfall, a lack of access to supplementary irrigation, and limited farm household 
resources. 
2.3.2 Farm household characteristics 
Average farm size in the rainfed lowlands of Cambodia varies between provinces from less than 1.0 
ha to more than 3 ha, though the majority of lowland rice farmers are resource-poor. A study in the 
southern province of Takeo has shown that each family had rights to some farming land, ranging 
from 0.5 ha to 1.5 ha of good land (producing high yields), but also including between 1.0 and 2.0 
ha of unfavourable land (Chea et al., 2001). Similar average farm sizes in the range of 1.0 to 2.0 ha 
have been reported for the south-eastern provinces of Svay Rieng and Prey Veng (Helmers, 1997). 
The average household paddy area closely reflects the population density. For example, in densely-
settled provinces around the capital of Phnom Penh, such as Kandal and Kampong Speu, average 
farm sizes are often less than 1.0 ha (Helmers, 1997). According to Chea (2002), some holdings are 
less than 0.5 ha, because when the government instituted the national agricultural land reform in 
1989, dissolving the collective groups and granting land titles to all farmers, the allocation of land 
was based on the number of household members (Section 2.2.5). Some farm households received 
only between 0.07 and 0.11 ha of rice land per person. However, in areas of low population density, 
mainly in the north-western provinces, allocated landholdings were larger, ranging from 2.0 to 4.0 
ha (FAO, 1996; Rickman et al., 1995).  
The main purpose of rice production in the rainfed lowlands is for home consumption. The rice crop 
provides the staple food for Cambodians, with rice consumption accounting for most of the food 
consumed. Annual consumption of milled rice per capita was 160 kg in the 1960s and is currently 
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estimated at 151 kg per capita, among the highest level of rice consumption globally (FAO, 1996). 
According to Chea (2002) and Helmers (1997), the quantity of rice available for disposal is 
determined by household size, farm size, and harvested output. Households in the rainfed lowland 
environment also usually store part of their rice harvest for the following year (in case of need) 
before considering the use of part of their harvest to meet other needs, such as for animals, sale, 
and/or exchange for other goods and services. Also, occasionally part of the rice reserved for 
consumption is sold when there is an urgent need for cash.   
2.3.3 Farming practices and activities  
The cultivation of a single rice crop is the norm for most of the rainfed lowlands throughout 
Cambodia. The rice crop is grown in the wet season, with the land then usually being left fallow 
until the next rainy season (Chea et al., 2001). Only in certain areas where there is supplementary 
irrigation available, coupled with the availability of photoperiod-insensitive varieties (such as IR66), 
can a second crop of rice be grown (Chea et al., 2001; Mak, 2001).    
Chea (2002) reports that the start of the wet season in late April or early May is necessary for 
rainfed farmers to prepare their paddy fields for their wet-season rice crops. The first rains between 
March and May indicate the end of the dry season and the time to commence seedbed preparation. 
It is commonly observed that rainfed lowland farmers begin the first ploughing of their paddy land 
during this period, in preparation for the wet-season rice crop. The second ploughing is usually 
done in late August when the rice fields have enough water for transplanting. Farmers normally use 
wet seed for broadcasting seeding into the nursery seedbed. The seeding rate depends on the 
germination rate. Seedlings are usually transplanted when between 30 and 40 days old, depending 
on the varieties used and the weather (drought conditions usually delay the start of transplanting). 
Typically 7-9 seedlings are transplanted into individual hills, with a hill spacing of approximately 
25x25 cm. The recommended transplanting rate for improved varieties is 250,000 hills/ha, based on 
the use of   a hill spacing of 20x20 cm (Nesbitt and Chan, 1997). The timing of the harvest varies 
with the position of the paddy field in the toposequence, with early-maturing varieties planted in the 
upper toposeqence being harvested in early November and late-maturing varieties in the lower 
fields being harvested in late January (Chea et al., 2001). 
Related to the long history of rice cultivation and the rich genetic resources of traditional rice 
varieties, 2,557 accessions of traditional varieties across Cambodia have been collected and are now 
being conserved in the international rice germplasm bank. Many traditional varieties remain very 
popular with farmers on account of their good grain qualities and adaptability to abiotic stresses, 
despite their relatively low yield potential (Lando and Mak, 1994). A study in 1995 indicated that 
94% of 1.75 million ha of rainfed lowlands in Cambodia were being planted to traditional rice 
varieties, with less than 2% of the area being planted to photoperiod-insensitive improved rice 
cultivars (Javier, 1997). In the mid-1990s, the average grain yield in the rainfed environment was 
1.5 t/ha, one of the lowest in Asia. This partly reflected the overwhelming use of traditional rice 
varieties throughout the country (Nesbitt, 1997a).  
An output of recent rice research has been the release of 38 improved varieties for the various 
ecosystems, particularly the rainfed lowlands. These recently released varieties have a yield 
potential in the range from 3 to 6 t/ha, and some of the early-maturing cultivars have a yield 
potential of 6 t/ha (Sakhan et al., 2007). The yield potential of photoperiod-sensitive varieties is 
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generally lower than that of short-duration cultivars, ranging from 2.5 to 4.5 t/ha. Reflecting the 
contribution of improved varieties, average yields have gradually increased since 1993, with 
average wet-season yield increasing from 1.2 t/ha in 1993 to 2.9 t/ha in 2012 (MAFF, 1993; MAFF, 
2013). The average dry-season yield has shown an even more impressive yield improvement over 
the same period, from 2.5 t/ha 4.3 t/ha. A survey of 14 rainfed lowland provinces estimated that by 
2008, about 60% of farm households have adopted the improved rice varieties (CARDI, 2011).  
Apart from cropping, households in the rainfed lowlands also integrate cattle, pigs, poultry, and 
small fishponds into their agricultural system as additional sources of food and income. Palm sugar 
production, basket weaving, and wild food collection are also carried out. Gregory and Guttman 
(1997) report that wild fish and other edible biota are extremely prolific in the Cambodian lowlands, 
and seem to appear annually from unknown sources and populate areas which have been completely 
dry a few weeks before being inundated with standing water. It is estimated that about 40% of the 
rural population’s protein intake comes from wild food (Nesbitt and Chan, 1997). Based on a 
survey of the area of southeast Cambodia bordering Vietnam, the average per capita consumption of 
wild fish and aquatic animals caught from rainfed paddy fields and surrounding swamps was 32 kg 
over the seven wet months, with households having to spend almost nothing for aquatic foods 
(Gregory and Guttman, 1997). However, aquatic biodiversity is also reported to have deteriorated 
(Gregory and Guttman, 1997). Other common activities that have, in the past, been sources of 
income in the rainfed lowlands, also appear to be decreasing due to a scarcity of natural resources 
such as bamboo, canes, and other vines used for the production of handicrafts.  
2.3.4 New technologies for lowland rice farming 
Agricultural technologies in Asia, including in countries such as Thailand, Malaysia, and Vietnam, 
have progressed rapidly. However, many Cambodian farmers in the lowlands continue to farm 
using traditional practices, with a relatively small number of farmers slowly adopting new 
innovations (Chea, 2002).  
According to Javier (1997), the first improved varieties were introduced to Cambodia in the 1970s, 
these being among the first varieties released by the International Rice Research Institute (IRRI); 
they were trialled in the northwest of the country which had been the main rice producing area at 
that time. However, these early introductions probably disappeared in the period of the Democratic 
Kampuchea regime between 1975 and 1979. A few modern rice varieties, including IR36, IR42, 
and IR64, were introduced into Cambodia in the 1980s by relief agencies and across the border 
from Vietnam, rather than being the result of local agricultural research (Arace, 1993). Until 1990, 
Cambodia had the second lowest percentage of adoption of improved varieties in Asia (Hossain, 
1996; Pingali, et al., 1997). In more recent times, as previously noted, many improved rice varieties 
have been developed by Cambodian researchers and adopted by farmers (MAFF, 2013). A study 
carried out by CARDI between 2003 and 2008 in 14 rainfed lowland provinces showed the 
adoption of 38 improved rice varieties has increased from 17% to 59% of the planted area (CARDI, 
2011).  
Farmyard manure was traditionally almost the only source of fertilizer accessible to rainfed lowland 
rice farmers, who were able to keep 3-4 cattle per household; two thirds of the manure was 
generally applied to the rice seedbeds (Lando and Mak, 1994). However, a significant proportion of 
farmers did not raise cattle to provide this source of organic fertilizer. Due to the low level of 
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nutrient inputs, rice yields in most areas of Cambodia have been limited by the poor nutrient status 
of the soils. In the late 1990s, the national average fertilizer input to rice fields was estimated to be 
20 kg/ha (Nesbitt, 1997a). However, this figure was still relatively high when compared with the 
1960s, based on FAO statistics. Imports of urea and DAP presented in Figure 2.4 may not 
necessarily represent the total annual fertilizer imports, because of the considerable cross border 
delivery of  bags of fertilizer from Vietnam and Thailand could not be quantified.  
In the 1990s, about 60% of rainfed lowland farmers regarded weeds as a significant production 
constraint. Manual weeding was generally practised, with only 6% of farmers reporting the use of 
herbicides (Rickman et al., 1997). A mid-1990s survey of pesticide use in eight provinces where 
rice was the major crop indicated that about 20% of the farmer interviewees used pesticides for the 
wet-season rice crops, while up to 65% used pesticides in dry-season rice (Jahn et al., 1996). MAFF 
annually reports drought, flood, and insects as three main threats to WS rice production, but less 
than 1% of WS rice area is recorded as being affected by insects (MAFF, 2013).  
Most rainfed lowland rice farming is heavily dependent on the use of cattle as the source of draught 
power for land preparation and haulage. In the late 1990s, only 12% of the total rice area was 
ploughed using mechanized power sources (Rickman et al., 1997). Current rice crop management 
remains very labour-intensive. The ratio of two-wheeled tractors to the total rice production areas in 
2012 was 1:21 (MAFF, 2013). A number of different types of mechanical transplanters developed 
by IRRI, Japan, and China, have been tested in the rainfed lowlands but have not proven suitable for 
Cambodian conditions. However, there is current rapid adoption of the use of mechanised 
harvesters, particularly in areas of dry-season irrigated rice cultivation (MAFF, 2013). Manual 
harvesting is still generally practised for wet-season rice, due to traditional varieties being tall and 
prone to lodging.  
 
Figure 2.4. Official figures of annual fertilizer imports (FAOSTAT) 
2.3.5 Potential for cropping intensification and diversification 
 (a) Early wet season rice 
With technical innovations, the productivity of the rainfed lowland ecosystems in Cambodia can be 
improved to enhance rural livelihoods. Double-cropping of rice has long been practised in some 
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parts of Southeast Asia, but has been relatively limited in Cambodia due to the limited opportunities 
for irrigation (Almahdali, 1987). Based on its agrarian ideology, the government of Democratic 
Kampuchea (1975-1979) planned to improve Cambodian rice production through a strategy of 
growing two crops or more per year, using high-yielding varieties to replace traditional lower-
yielding varieties; however, this ideology had little success (Helmers, 1997). The potential of the 
first photoperiod-insensitive rice variety, IR66, released by the Cambodia-IRRI-Australia Project 
(CIAP) in 1990, provided an opportunity for early wet-season (EWS) rice cropping, in addition to 
the main wet-season rice crop (Chea et al., 2001). The practice of EWS rice cultivation has existed 
in Cambodia since 1971, although the area planted was initially small (3% of the total wet-season 
rice cultivated area) (Young et al., 2001). A survey showed that by 1999, rice double-cropping with 
EWS rice had increased to 345,400 ha, accounting for about 20% of the wet-season area; this was 
believed to have largely reflected  the favourable attributes of IR66 (CIAP, 2000; Young et al., 
2001). This form of double cropping of rice (based on EWS rice) is becoming more common in 
Cambodia where supplementary irrigation permits the growing of two crops of rice per year, but is 
less common in the rainfed lowlands of neighbouring Laos and Thailand (Fukai, 2001). The total 
cultivated area of EWS rice in 2012 was recorded at 242,113 ha, accounting for about 10% of the 
wet-season rice area (MAFF, 2013).  
Double cropping of rice is particularly common in parts of Takeo Province where more than 50% of 
farm households cultivate EWS rice (Chea et al., 2001). A survey in eight provinces in 2000 
indicated that IR varieties were being used for EWS rice cropping by most farmers, with 73% of 
farmers surveyed growing the variety IR66 (Mak, 2001). An economic analysis of double rice 
cropping in the  two rainfed lowland provinces of Takeo and Kampot showed that double cropping 
could increase farm incomes by between 25 and 37% (Chea et al., 2004). The rice crop planted 
early in the wet season is only partially irrigated, using only 40% of the water needed for dry-season 
irrigated rice (ADB, 1996). Certain biophysical and socioeconomic factors summarised by Chea et 
al. (2001) are important in relation to the production of EWS rice; these include the availability of 
supplementary irrigation, adequate soil fertility and fertilizer application, good seed quality, 
availability of family labour, pest management, and the availability of infrastructure and markets.  
 (b) Incorporation of non-rice crops 
Other potential cropping options for the rainfed lowlands include the incorporation of non-rice 
crops in the cropping system, including pre- and post-wet-season legume crops (Chea et al., 2001). 
In 1998, the introduction of mungbean before the main wet season rice crop commenced in some 
southern provinces, where previously only a wet-season rice was cultivated on infertile soils with 
low water-holding capacity; often the rice crop was also affected by drought conditions in the 
period shortly before harvest (CIAP, 1999). Due to very unpredictable rainfall and mungbean being 
susceptible to waterlogging, often the mungbean crop also failed when there was excessive rain at 
the beginning of the wet season (Chea et al., 2004).  
However, despite the occasional failure of the EWS mungean crop, an indirect benefit was soil 
improvement due to N fixation by the mungbean. A preliminary study conducted by MAFF and 
CIAP showed that growing a green-manure crop before the main wet-season rice crop could 
potentially increase rice yields by 40% (Nesbitt and Chan, 1997). The analysis of WS rice-DS 
mungbean cropping in Cambodia has showed that growing a dry season mungbean crop could 
potentially provide between 40-80 N kg/ha to the WS rice crop (Fukai and Ouk, 2012). In the past, 
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the potential role of legumes in rice-based cropping systems in Southeast Asia was not fully 
appreciated (Nigam, 2001). Groundnuts have produced good economic returns in upland integrated 
cropping systems in South Sumatra, Indonesia, but have been less successful in lowland cropping 
systems in Northeast Thailand where labour and fertilizers are more costly (Whitmore et al., 2000). 
Peanut residues have increased the WS rice yield in field trials in Northeast Thailand by 30%, when 
compared with the yield of rice in plots where the peanut residue was not applied (Fukai and Ouk, 
2012). 
 (c) Rice-fish systems 
Rice-field capture and culture fisheries are an ancient and traditional practice in Southeast Asia, 
carried out almost as long as rice cropping (Ruddle, 1982). As a low-input technology package with 
potential benefits for resource-poor farmers, rice-fish culture has increasingly been promoted in 
many countries of Southeast Asia and South Asia since the 1990s (Prein, 2002). However, 
Cambodian farmers have generally paid little attention to rice-fish systems because of the rich 
alternative sources of wild fish.  
Interest in small pond-fish culture in paddy fields has recently increased in the Cambodian rainfed 
lowland environment, where wild native fish are becoming increasingly scarce. Experiments have 
been carried out with Cambodian farmers on the potential productivity of raising fish in rice fields 
(Nesbitt and Chan, 1997) and rice-fish farming systems have been introduced where the natural fish 
population and catch is inadequate to meet domestic needs. Svay Rieng Province in southeast 
Cambodia was the first location where rice-fish culture trials were conducted in a collaborative 
project involving the Asian Institute of Technology (AIT), Cambodia Department of Fisheries, and 
Cambodia-IRRI-Australia Project (Gregory and Guttman, 1997). The rice-fish systems were 
developed in many forms but a farm-based practice of converting wild fish-trap ponds into fish-
refuge ponds was one of the more attractive options. Sometimes trenches were excavated across the 
fields or adjacent to paddy bunds, where the fish could retreat when standing water in the fields 
became too shallow. The fingerlings were usually reared in a refuge pond adjacent to the paddy 
fields between late July and early August, the fish being held there until the rice crop was 
transplanted and the standing water in the rice fields became deep enough to release the fingerlings 
(Gregory and Guttman, 1997). The fish reached edible size after about three months but were often 
kept in the rice paddies for longer periods, even after the harvest of the rice crop, as long as there 
was sufficient water in the fields. 
There is no evidence that the cultured fish can control rice pests, but the rice-fish system can at least 
minimize the application of pesticides, and one benefit from the system is the control provided by 
the fish of a common pest in lowland rice crops, the golden apple snail (Pomacea sp.). Seasonal fish 
production from the system has been estimated to range from 200 to 400 kg/ha (Gregory and 
Guttman, 1997). The system is largely confined to the wet season and has limited potential in 
drought-prone areas (Nesbitt and Chan, 1997). Although there is little evidence of a direct effect of 
fish culture on rice yields, properly managed fields are recognised for their potential for providing a 
protein source and improving the incomes of the rural poor in Cambodia, while rice-fish farming is 
recognised as being more economically viable and ecologically sound than rice monoculture 
(Vromant, 2007). Some potential management issues and constraints have been identified in such 
systems, such as water management for the needs of both rice and fish, soil quality and chemical 
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fertilizer application, fingerling care, and the erratic climate (FAO, 2001). The level of adoption has, 
to date, generally been low.  
 (d) Ditch and dike farming systems 
Successful integrated farming systems have been adopted in the central provinces of Thailand, in 
areas where the systems have been promoted through development initiatives of the Thai King. In 
these systems, up to 30% of the total land area is used for pond excavation for water harvesting, the 
water then being used for irrigation and fish culture (Setboonsang and Gilman, 2009). Similarly, a 
diversified system called “ditch and dike farming systems” was introduced in Cambodia in1996 by 
the Cambodian-IRRI-Australia Project (CIAP, 1997). The objective of these systems was  to 
remodel rainfed lowland rice fields into mixed farming systems comprising rice plots, beds for 
upland crops, canals for fish raising and irrigation, as well as pig and poultry raising. This system 
provides the potential and a favourable environment under rainfed lowland conditions for year-
round farming, rather than just a single wet-season rice crop. Such systems have become potentially 
more important as the population pressure has increased in traditional rainfed lowland rice farming 
areas (Nesbitt and Chan, 1997). As the system requires the remodelling of rice fields, with part of 
the paddy fields being lost to canals and non-rice cropping areas, it was initially established in rice 
research stations in five provinces. All sub-components of the system, including rice, fish, 
vegetables, and short-term fruit crops, were shown to be capable of producing considerable returns 
from the third year (CIAP, 1999). Even though the area planted to rice is reduced by between 30-
40% in this system, total rice production is greater when compared with single rice cropping, as 
double-cropping using high yielding rice cultivars can be practised, and the soil fertility was 
improved by the integrated systems (CIAP, 1999). The process of transforming the physical 
structure of the rice field and access to establishment capital are two critical factors in introducing 
the integrated farm model to rainfed lowland farming areas, where often land holdings can be 
fragmented and households are resource poor. Hence the adoption of the system by farmers to date 
has been low. 
2.4 Development of Water Resources in Cambodia 
The key limitation to the intensification and diversification of farming systems in the rainfed 
lowlands is the monsoonal climate, which limits rice cultivation to the wet season and imposes 
uncertainty on production conditions, even within this period. Removing this limitation involves 
some form of irrigation. Four types of irrigation have been identified in Cambodia, based on 
available water resources, means of irrigation, geographical location, and season: colmatage, 
reservoirs (ang-tomnub), canal systems, and groundwater irrigation (Chea and Yasunobu, 2006). 
The first three types are considered large-scale irrigation systems, while the last is a form of small-
scale or on-farm irrigation. These are considered separately in the following sections. Reservoir 
irrigation in the Tonle Sap basin, large canal systems in southern lowlands, and on-farm 
groundwater in south-western areas of Cambodia, have been three successful irrigation models for 
the crop intensification in the dry season (Johnston et al., 2013).  
2.4.1 Large-scale irrigation systems  
The colmatage irrigation system is found naturally in areas along the Bassac and Mekong Rivers, 
where the rising waters in the wet season flow into streams and canals, and can provide water for 
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traditional irrigation, in particular for recessional rice and for non-rice crop cultivation.
1
 Takase 
(2004) reports that the traditional colmatage irrigation system for recession rice is distinctive to 
Cambodia; the system also provides sediment control and land reclamation opportunities. The 
annual deposition of silt can enrich the soil and help replace the nutrients extracted by rice crops 
every year. But the cultivated area benefiting from this irrigation system is small when compared 
with the total rice area in the country (Chea and Yasunobu, 2006). Reservoir systems are commonly 
found in the Tonle Sap basin, where wet-season floodwater is stored mainly for use on recessional 
rice crops, commencing in late October when the flood waters start to recede. Canal irrigation 
systems are conventional large-scale irrigation schemes developed in various locations in the 
lowland environment through national irrigation projects. In these, large reservoirs are constructed 
to store water from rainfall, runoff, and floodwater; canals convey the water to paddy fields in the 
dry season. The first two systems are mainly gravity-fed irrigation systems, while canal irrigation 
schemes can be based on pumping or gravity.  
 Large-scale irrigation systems in Cambodia mostly rely on the water resources of rivers and 
streams influenced by the floodwaters of the Mekong River, the Bassac River, and the Tonle Sap 
River and Lake. However, the majority of lowland rice-based farming systems in the country do not 
have access to the potential benefits of the water resources of these large rivers. Cambodia has been 
assessed as having more limited access to potentially irrigable land (estimated at 9% of total arable 
land in 2011), when compared with other countries in Southeast Asia (22-71%), East Asia (52-60%), 
and South Asia (42-97%), ranging from 22% in Laos to 97% in Pakistan (FAO STAT). Within 
Cambodia there has been a significant increase in the total irrigated area from 3% of total arable 
land before the civil war in 1970 to 9% in 2011 (FAO STAT). However, the area under irrigated 
dry-season rice cultivation remains relatively small in Cambodia. Irrigated rice cultivation has been 
estimated to contribute only 16.5% of total rice production in the country (MAFF, 2013).  
A large number of irrigation schemes were constructed using forced labour during the Democratic 
Kampuchea regime (1975-1979), which aimed to build Cambodia into a socialist utopia based on 
agricultural development. As much as 80% of the irrigation schemes which existed after 1979 were 
the legacy of the Khmer Rouge irrigation development policy (Johnston et al., 2013). The regime 
was ambitious in wanting to have levelled, one-hectare paddy plots within 1 km
2
 grids of irrigation 
canals based on integrated control structures and reservoirs. However, a lack of understanding of 
the available water resources and related field and soil conditions resulted in the infrastructure being 
poorly-designed. Hence the resulting systems were generally inefficient and prone to breakdowns 
(Himel, 2007; Pijpers, 1989; Chandler, 1988).  
With substantial financial support from international development agencies, the reservoir (ang-
tomnub) and canal irrigation systems which fell into disrepair after 1979 have been extensively 
reconstructed, and new irrigation schemes are also now being developed. In the period to 2003, 
almost 3,300 irrigation schemes had been restored or built throughout Cambodia, allowing for the 
irrigation of more than one million ha in both the wet and dry seasons (MOWRAM, 2004). The 
restored systems also protected about 113,500 ha from flood damage and an estimated 16,700 ha 
from potential salinity damage.  
                                                 
1
 Colmatage is a French term referring to the natural or artificial build-up of sediment from the inflow of river water 
into adjacent streams and canals. 
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Although the accessible irrigation systems has insignificantly increased, wet season rice yields have 
not improved significantly from the irrigation development (Johnston et al., 2013; Wokker et al., 
2011). National data indicates that between 5 and 20% of wet-season rice production was damaged 
annually by floods and/or droughts between 1997 and 2004 (Chea and Yasunobu, 2006).  
2.4.2 On-farm irrigation 
The construction of large-scale irrigation schemes is not generally feasible in the rainfed lowlands 
of Cambodia. Although there are regions traversed by major rivers and streams that are connected 
to naturally occurring lakes, the development of national irrigation schemes requires large financial 
resources for construction projects and their long-term ongoing maintenance. The generally flat 
topography of the Central Plains area in Cambodia is suitable for the development of gravity-fed 
canal irrigation systems, but there have been difficulties in identifying suitable locations for 
reservoir construction (Johnston et al., 2013). In addition, the investment in irrigation schemes in 
lowland areas with sandy soils with low inherent soil fertility problems and low yield potential will 
probably not be economically viable.   
Small-scale irrigation initiated by individual farm households using portable pumps to extract water 
from surface storage and groundwater, described as “water-scavenging” by Mukherji et al. (2009), 
is an increasing trend in the rainfed lowlands of Asia (Johnston et al. 2013). Such small-scale 
irrigation innovations, notably the extraction of groundwater, have made significant contributions to 
household incomes in the rainfed environment through production intensification and 
diversification (Aeron-Thomas, 1992; Chea et al., 2004). Many countries in Asia, particularly India, 
Pakistan and China, have rapidly adopted individually-managed groundwater irrigation to 
supplement or replace large-scale national irrigation schemes (Mukherji et al., 2009). India is now 
dependent on groundwater irrigation for more than 60% of its total irrigation. Small-scale pumping 
of groundwater resources is also increasingly being used in Thailand, with more than 3 million 
pumps in use, and in Vietnam, with more than 800,000 pumps, while in Cambodia in 2006, more 
than 120,000 pumps were estimated to be in use (Johnston et al., 2009). 
The use of groundwater in Cambodia is a relatively new irrigation option which commenced after 
the end of the Khmer Rouge regime in 1979, with water being extracted through the installation of 
PVC tubes and the use of diesel or electric pumps. Individually-owned, on-farm irrigation provides 
flexibility, timeliness, control, and easier management, compared with large-scale canal irrigation 
schemes, for which the need for approval, scheduling, and other limitations can result in 
competition or conflict among users. On-farm access to irrigation through ponds or tubewells is 
potentially the most productive and economically sound option for smallholders in the lowland 
environment in Cambodia (Chea, 2002).   
PVC tubewells were initially installed in 1994 to irrigate dry-season rice crops in Prey Veng 
Province in south-eastern Cambodia, where large-scale irrigation schemes had not been developed. 
As local farmers realised the potential of additional dry-season cropping, by 1997 about 7,600 wells 
were reported to have been established in the province (Roberts, 1998). The adoption of tubewells 
to irrigate dry-season rice has gradually been scaled out to other provinces neighbouring Prey Veng 
(CIAP, 2000). The initial extraction of groundwater was to irrigate non-rice crops in the dry season 
in upland areas or in paddy fields. In Takeo Province, it has now been extended to the irrigation of 
early wet-season rice and to provide supplementary irrigation when needed in the wet season (Chea 
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et al., 2001). During the extreme drought in the 1994 wet season in Prey Veng Province, rice crops 
in paddy fields with access to tubewells were able to be saved, while those without access to 
groundwater were severely damaged (Roberts 1998). Underground water is also an important water 
source for fish culture in small ponds in household backyards and in paddy fields under rice-fish 
farming systems (Chea et al., 2001).   
Many villages in rainfed lowland areas of Takeo, Kampot, Svay Rieng, and Prey Veng provinces in 
the south and southeast of Cambodia now use water pumped from tubewells and small storage 
ponds to intensify their crop cultivation, often growing an additional rice crop early in the wet 
season (Chea, 2002). Groundwater and pond water have been traditionally accessed in rural 
Cambodia, but mainly for domestic use rather than for agricultural purposes (Roberts, 1998). Before 
the 1970s, only a single wet-season rice crop was grown in areas with reliable rainfall, to meet 
domestic and national rice needs. There was little interest in supplementary irrigation options for 
growing additional crops in the dry season.  
The topography and physical conditions of most rainfed lowland areas in Cambodia are commonly 
favourable for accessing groundwater. According to Roberts (1998), about 40% of rainfed paddy 
fields are above artesian aquifers with good-quality water which can be accessed by either manual 
or engine-powered pumps
2
. The Bassac River, one of major sources of groundwater, contributes to 
the recharge of aquifers as far as 30 km either side of the river (CIAP, 2000). Aquifers are relatively 
shallow, less than 20 m, but within rice-growing areas the water table is probably as shallow as 6 m, 
and water is extracted by locally-available centrifugal pumps (ADB, 1996). As far as costs and 
returns relating to groundwater are concerned, water extraction from a shallow well gives economic 
returns superior to deep tube-wells, because the investment cost per unit of water is much lower in 
the former (Aeron-Thomas, 1992). Shallow artesian aquifers can also be advantageous for 
constructing open wells, from which water can be manually extracted for farmyard vegetables and 
animals, in addition to domestic use. Because of availability of PVC pipes and mechanical well-
borers, deep wells have also become a means of accessing groundwater in many areas.  
The extraction of groundwater from one tube-well is sufficient to irrigate about 3 ha of dry-season 
rice (ADB, 1996). FAO estimates the average internal recharge of groundwater in Cambodia to be 
around 17.6 km
3
/year or 97 mm/year, which accounts for about 5% of average annual rainfall; 
however, considering the exchange of all surface water forms and groundwater, the actual figure for 
recharge is believed to be around 10% of annual rainfall (Johnston et al., 2013). A study conducted 
by JICA (2002) found that between 500 and 800 m
3
/day of groundwater is able to be extracted from 
wells in the provinces of Svay Rieng, Prey Veng, and southern Kandal, sufficient for between 4 and 
5 ha of rice cultivation. A similar estimate of 500-600 m
3
/day was reported for Svay Rieng and Prey 
Veng provinces by Roberts (1998). The infiltration or percolation of rainwater is a critical source 
for recharging the groundwater aquifers (ADB, 1996). The artesian aquifers can also be refilled by 
river water, and wet-season river floods are an important source of recharge (Oertzen, 1999).  
The obvious concern with groundwater is how to maintain the quantity and quality of the resource 
with increasing use. Because of their important contribution to livelihoods, food security, and 
economic growth, groundwater resources have been overexploited in some parts of India (Mukherji 
et al., 2009). In several areas in Vietnam where groundwater has been intensively used, there has 
                                                 
2
 Artesian denoting a well bored perpendicularly into water-bearing strata lying at an angle, so that natural pressure 
produces a constant supply of water with little or no pumping.  
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already been a significant decline in groundwater resources (Johnston et al., 2009). Because 
groundwater remains a minor source of irrigation in the Greater Mekong Subregion, the extent and 
sustainability of groundwater resources have yet to be defined (Johnston et al., 2009).  
In relation to the sustainability of groundwater use in Cambodia, although there is a recognised drop 
in groundwater levels during the dry season, it is still possible to use groundwater for dry-season 
rice cultivation. There has, so far, been no evidence to support the concern that groundwater 
extraction in irrigation areas exceeds the yearly recharge. A study conducted in the southern 
province of Takeo and the two south-eastern provinces of Prey Veng and Svay Rieng, showed that a 
2-3 m drawdown of the water-table during the dry season was fully recharged during the wet season 
(ADB, 1996). Another study found that the greatest drawdown of water in wells occurs in April, 
immediately before the start of the wet season, when the water table dropped to about 5 m from the 
surface; however, by November the water-table was found to have risen to a depth of 2 m from the 
surface (CIAP, 1999).  
However, long-term observations carried out between 1996 and 2008 showed that the groundwater 
level had declined by 14 cm/year in some monitored wells in the provinces of Svay Rieng and Prey 
Veng (IDE, 2009; cited by Johnston et al., 2013). Groundwater levels have also been reported to be 
dropping in Siem Reap Province (Landon, 2012). Therefore, the extraction of groundwater for year-
round cultivation needs to be closely monitored and cautiously pursued. The current potential of 
accessible groundwater and the limited use of groundwater for irrigation purposes, together with 
MORAM’s cautious policy on the use of water resources, could help avoid jeopardising the 
groundwater resource in Cambodia. The use of groundwater to supplement the water needs of non-
rice crops cultivated early in the dry season and a rice crop grown early in the wet season, can 
potentially help with effective water management, while supporting crop intensification and 
diversification. According to a study carried out in Tamil Nadu, India, integrated farming systems 
can provide a more efficient use of scarce water than conventional cropping alone (Jayanthi et al., 
2001).   
As far as water quality is concerned, no severe contamination of water or crops has been reported 
for groundwater irrigation in Cambodia. A general assessment of water quality in most areas where 
groundwater is accessible shows the water to have a low level of dissolved salt and that the water is 
potable and suitable for the irrigation of most crops cultivated in the country (ADB, 1996). Despite 
identifying faecal coliform in some shallow wells, and high levels of arsenic, iron, manganese, 
fluoride, and total dissolved solids in some areas, the quality of groundwater is generally good and 
suitable for farming (Johnston et al., 2013). Anecdotal reports of adverse impacts on rice yields and 
even soil properties (chemical content and physical structure) have not been supported by the 
analysis of groundwater quality (MOWRAM cited by Johnston, 2013. 
Groundwater is therefore considered to be an important and reliable water source for smallholders 
in the rainfed lowland environment of Cambodia, where large irrigation schemes are not practical or 
economic (Chea et al., 2004). Accessing groundwater may be the most suitable alternative for 
resource-poor farmers who are more likely to be able to afford investing in this irrigation option, 
than alternative more expensive options.   
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2.5 Conclusion  
This overview of the rural geography of Cambodia confirms that farmers in the rainfed lowland 
environment in Cambodia face many of the same biophysical and socioeconomic constraints as 
farmers in the rainfed lowlands of Asia as a whole. Research has provided new technologies for 
these farmers, especially improved rice varieties, but the intensification and diversification of 
lowland farming systems also requires improved technologies for non-rice crops and livestock and, 
in particular, improved access to irrigation. Large-scale irrigation systems appear to have limited 
potential but on-farm irrigation based on small-scale pumping of groundwater resources may have 
greater potential if it can be properly managed.   
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CHAPTER 3 
RESEARCH METHOD AND STUDY AREA 
 
3.1 Introduction 
This chapter describes the overall design of the research, including the selection of the study area, 
the three case-study villages, and the analytical framework. An overview is then given of the study 
area, that is, the two provinces, Takeo and Kampong Speu, where the three case-study villages are 
located. The profiles of the villages are presented in Chapters 4, 5, and 6. This chapter then provides 
details of the research methods and techniques used to collect quantitative and qualitative 
information for each case-study village, and an overview of the methods of analysis.   
3.2 Research Design 
Rather than attempt to cover all the rainfed lowlands of Cambodia, a small study area was selected 
that included rainfed lowland districts in two adjacent provinces in southern Cambodia, the 
provinces of Takeo and Kampong Speu (Figure 3.1). These two provinces are more densely-
populated and have smaller paddy-land holdings than the lowland provinces in the north-western, 
central, and south-eastern parts of the country, and hence arguably face greater constraints to 
agricultural development. Takeo Province is closer to the Mekong Delta, and has generally flatter 
terrain and lower altitude, has a higher incidence of farmers using groundwater for irrigation, and 
has a large area producing DS rice (in the Mekong floodplain adjacent to the rainfed lowlands). 
Sharing a border with Vietnam, Takeo has considerable cross-border trade in DS and EWS rice, as 
well as in farm inputs and services. Though sharing Takeo’s lowland environment in the south, 
Kampong Speu also stretches northwards onto higher topography. It has the smallest area of DS rice 
production and no reported use of groundwater for rice cultivation. The types of non-rice crops 
cultivated in Kampong Speu are also somewhat different from those in Takeo.  
As the focus of the research was to understand the current farming situation in the study area, the 
reasoning behind farmers’ management choices, and the processes of change in farming and 
livelihood systems, a case study approach was chosen. As defined by Yin (2009: 18), a case study is 
“an empirical inquiry that investigates a contemporary phenomenon in depth and within its real-life 
context, especially when the boundaries between phenomenon and context are not clearly evident.” 
In this research, the phenomenon of interest was the rainfed lowland rice-based farming system as 
situated in the (changing) biophysical and socioeconomic context of village agriculture in southern 
Cambodia. Given this definition of the scope of a case study, Yin adds a second part to the 
definition to indicate the kinds of methods used: “The case study inquiry copes with the technically 
distinctive situation in which there will be many more variables of interest than data points, … 
relies on multiple sources of evidence, with data needing to converge in a triangulating fashion, 
and … benefits from the prior development of theoretical propositions to guide data collection and 
analysis” (Yin, 2009: 18). 
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Figure 3.1. Locations of the three study districts in Takeo and Kampong Speu Provinces       
(Source: CARDI) 
Specifically, this research used a multiple-case design with multiple (embedded) units of analysis 
(Yin, 2009: 46-60). Three villages in the study area were selected for the case studies. The primary 
units of analysis included the villages themselves, the farm households within each village, and the 
farm enterprises undertaken by these households. The research design thus involved two phases – 
individual study and analysis of each case (Chapters 4-6) and cross-case comparative analysis of the 
three cases to draw more general conclusions (Chapter 7). 
The three villages were selected specifically to reflect broad similarities in biophysical and 
socioeconomic environments but different degrees of access to irrigation (Table 3.1). Village 1 – 
Trapeang Run in Tramkak District in Takeo Province – was selected to investigate the full extent of 
the development problem facing farm-households and villages in the rainfed lowlands, with all the 
constraints described in Chapter 2, including very limited access to irrigation in the form of small 
houseyard ponds. Village 2 – Snao, in Prey Kabas District, also in Takeo Province – was selected to 
explore what options become available to farm-households with access to on-farm sources of 
irrigation, that is, shallow tubewells to draw on groundwater resources in addition to farm ponds. 
This case was also of interest because it demonstrated the potential for agricultural development 
with little or no intervention by government or other development agencies. Village 3 – Ta Daeng 
Thmei, in Boseth District in Kampong Speu Province – was selected to explore what farmers can do 
with access to a medium-scale, gravity-fed irrigation facility. This case was also expected to 
highlight the issues that must be addressed at the community level to maintain such irrigation 
infrastructure and manage water use.  
 
 
 
 35 
Table 3.1. Characteristics of the three selected villages 
Characteristics Trapeang Run 
(Village 1) 
Snao 
(Village 2)  
Ta Daeng Thmei 
(Village 3)  
District Tramkak Prey Kabas Boseth 
Province Takeo Takeo Kampong Speu 
Topography 
Lowland plain 
 
Lowland plain 
adjacent Mekong 
floodplain  
Lowland plain 
adjacent to gently 
sloping land  
Altitude  
(m above sea level) 
15 masl 3-15 masl 27-36 masl 
Flooding regime 
Flash-flooding 
with heavy rain 
Partly influenced 
by Mekong 
floodwaters 
Flash-flooding 
with heavy rain 
Distance to Phnom 
Penh (km) 
75 75 70 
Distance to provincial 
capital (km) 
12 >30 >30 
Distance to national 
roads (km) 
2 15 20 
Market access Favourable Less favourable Less favourable 
Total land area (ha) 113 451 200 
Paddy land area (ha) 90 120 120 
No. households 157 277 158 
Total population 788 1,318 743 
Settlement pattern Dispersed Clustered Clustered 
Irrigation source Small houseyard 
ponds 
Groundwater and 
farm ponds 
Reservoir 
Cropping pattern 
(WS/DS/EWS) 
Rice/fallow/rice Rice/non-rice/rice 
Rice/non-rice and 
rice/rice 
No. of cattle 270 312 475 
No. of 2-wheel tractors 1 10 0 
(Source: Village statistics) 
The multiple sources of evidence used to describe and analyse the cases, as required by the second 
part of Yin’s (2009) definition, are discussed in Section 3.4 below. The “theoretical propositions to 
guide data collection and analysis” (Yin, 2009: 18) were derived from conventional farm 
management economics, as outlined in several classic texts (Makeham and Malcolm, 1985; Dillon 
and Hardaker, 1993; Upton, 1996; McConnell and Dillon, 1997). While recognising that farm 
households in Cambodia are not merely profit-maximising entities, in that their primary objective is 
to sustain the household and its limited complement of resources through the generations, it is also 
true that farmers organise their resources into distinct activities or enterprises (e.g., WS rice, DS 
peanuts, EWS rice, cattle rearing, wage work) and make choices as to the allocation of household 
resources (land, labour, capital) between these activities to satisfy their multiple goals. At a 
minimum, these goals include safeguarding the supply of the household’s staple food (rice) and 
maximising the cash income needed for household consumption and investment. Though the input 
and output markets they operate in are incomplete, and in that sense they are “peasant farmers” as 
defined by Ellis (1993), they are nevertheless very familiar with market transactions and 
calculations and able to respond to changing economic incentives, for example, by switching 
between crops or deciding to work part of the year in non-farm employment. Hence the use of such 
frameworks as enterprise budgeting and whole-farm analysis was seen as consistent with farmers’ 
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perspectives of farming profitability and justified as a guide to data collection and analysis in the 
Cambodian farming situation.  
3.3 Description of the Study Area 
Cambodia is officially divided into four broad regions – the lowland plains region (southern and 
south-eastern areas), the Tonle Sap region (surrounding the Tonle Sap lake and river), the coastal 
region (in the south-west), and the plateau and mountainous region (occurring across the country 
but particularly in the north) (NIS, 2008). The study area is located in southern Cambodia in the 
lowland plains region (though, as noted above, Kampong Speu phases into the plateau and 
mountainous region to the north). This area has for centuries been an important site for the 
concentration of the rural population based on rainfed lowland rice, perhaps dating back to the 
ancient Khmer polity of Funan around 2,000 BP. In the 1950s, the population density was already 
high, between 150 and 200 persons per sq. km, with some districts nearing 500 persons per sq. km; 
hence holdings of paddy land at that time were smaller than 2 ha, while grain  yields from the single 
WS rice crop were low, averaging from 600 to 900 kg/ha (Delvert, 1961). Apart from being rice 
peasants, farm households in the study area traditionally produced palm sugar, wove silk fabrics, 
and made bamboo baskets to support their livelihoods. The predominant shallow water ecosystem 
of the study area is suitable for the cultivation of WS rice (Nesbitt, 1997:55). Nevertheless, the 
location of the study area between Phnom Penh and the Mekong Delta has been favourable for 
providing access to new agricultural technologies and markets for farming inputs and outputs.  
3.3.1 Takeo Province 
The town of Takeo, at the centre of Takeo Province, is located about 80 km south of the capital, 
Phnom Penh (Figure 3.1). The province covers an area of 3,563 km
2
 and in 2010 was divided into 
10 districts, 100 communes, and 1,117 villages, with 199,373 registered households (NCDD, 2010). 
The total population of the province in 2010 was 983,911 (6.3% of the national population), an 
increase of 16.5% from the figure recorded in the 2008 National Census. The province has the sixth 
largest population among the 24 provinces of Cambodia and the second highest population density 
(276 persons per sq. km) after Kandal Province (364 persons per sq. km) which adjoins Phnom 
Penh. The two case-study villages in Takeo Province were in the districts of Prey Kabas and 
Tramkak, to the northeast and west of Takeo town, respectively (Figure 3.1). 
Takeo Province is classified as one of 5 provinces that comprise the lowlands plain region, and is 
dominated by the lowland rice ecosystem (NIS, 2008; MAFF, 2013). The most important source of 
livelihood in the province is agriculture, with 91.5% of households recorded as rice-producing 
families in 2010 (down from 94.5% in 2008). A minority of households have been recorded as 
having other agricultural activities as their main source of livelihood, including annual crops, fruit 
trees, fishing, and livestock (each ranging from 0.2% to 0.5% of households). Non-agricultural 
households include craftsmen or textile producers (1.8%), service providers (2.3%), and others 
(4.4%). Apart from livelihood activities within the province, around 9.2% of the population aged 
between 18 and 60 years migrates to seek non-farm employment, mainly as factory workers in the 
vicinity of Phnom Penh. Non-farming work opportunities are unevenly distributed among the 10 
districts of the province, ranging from 4% to 16%; the number of migrant workers from Tramkak 
District was 10% of the provincial total, double that of Prey Kabas District (NCDD, 2010).   
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Takeo was the third largest wet-season (WS) rice producing province in Cambodia in 2012, 
producing 681,184 tonnes (9.5% of the total national production of 7,136,139 tonnes), and 
accounting for 8.0% (198,768 ha) of the area under WS rice cultivation (MAFF, 2013). The area of 
WS rice cultivated in Takeo province in 2012 represented a 26% increase on the area under 
cultivation in 2008 (157,494 ha). Though Takeo Province is relatively close to the capital, Phnom 
Penh, the area committed to rice cultivation does not appear to have been affected by the rapid 
growth of light industry.   
Almost all WS rice cultivation in Takeo Province is purely rainfed based, with only 0.5% of the 
cropped area (9,553 ha) having access to supplementary irrigation. Of the small irrigated area, 62% 
access water from dams and 33% access water from natural water sources including rivers, streams, 
lakes, and ponds. Less than 5% of the irrigated area is supplied from groundwater, and only 0.4% 
from farm ponds. These sources of water are mostly unavailable during the dry season, thereby 
limiting opportunities for double-cropping of rice. 
Despite the above limitations,  Takeo Province is  the largest dry-season (DS) rice producing 
province in Cambodia, producing 466,010 tonnes from 96,507 ha in 2012 (MAFF, 2013). The area 
under DS rice cultivation in 2012 represented a 21% increase relative to the DS rice area in 2008, 
when 79,673 ha was cropped. The opportunity for DS rice cultivation and the expansion of the DS 
area has been influenced by a number of factors. Areas close to the Bassac River that are subject to 
regular flooding in the wet season are being used for growing varieties with a high yield potential, 
in the form of DS recession rice. The development of dams and canals to manage the floodwaters is 
providing favourable conditions for irrigating DS rice crops. The expansion of the rice markets in 
neighbouring Vietnam has also provided an incentive for DS rice cultivation in Takeo Province; 
apart from providing a ready market, the rice can be conveniently transported by road to Vietnam 
immediately after harvest.  
About 28% of farm households in Prey Kabas District and 11% in Tramkak District (the latter being 
the smallest proportion among the 10 districts) have access to DS irrigation sources; however, the 
DS irrigated area of both districts represents only 0.1% of the national annual cultivated rice area 
(NCDD, 2010). In contrast, Borei Chulsa District, located in the low-lying floodplain area to the 
south-east, has the largest area of DS rice production, with 64% of farm households occupying DS 
paddy land, accounting for 42% of the total district rice land.   
Both Prey Kabas and Tramkak Districts have a high percentage of small-scale landholders, with 60 
and 67% of farm households, respectively, cultivating areas smaller than 1 ha. About 9% of 
households in Prey Kabas District are landless, and about 3% in Tramkak District.  
About 2% of households in Takeo Province are engaged in the cultivation of non-rice crops, with 
the total area under non-rice crop cultivation in the 2012 wet season being about 4,530 ha, the 
equivalent of about 1.5% of the area under rice cultivation (MAFF, 2013). A diversity of non-rice 
crops is grown, with vegetables accounting for the largest area (2,210 ha); other crops grown 
include root crops, cereals, legumes, and sugarcane. Most of the non-rice crops are also cultivated 
in the dry season, but the total cultivated area is less than half that under wet-season cultivation, due 
to the shortage of irrigation water. Although the area used for the cultivation of non-rice crops 
declined by almost 50% between 2011 and 2012, this was not a reflection of a decline in the area of 
non-rice crops but reflected differences in rainfall between the two years.   
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Although Takeo Province is one of the major rice-producing provinces in Cambodia, rice 
production is still heavily reliant on traditional practices – draught animal power, manual labour, 
and conventional tools. The total number of draught animals recorded in 2012 was 373,800 head, a 
12% increase from 2008 (MAFF, 2013, NCDD, 2010). Buffalo represented only 1.2% of the total 
number of draught animals, being more commonly raised in the provinces where there is deep 
standing water and heavy soils in the paddy fields. The average number of large ruminants per 
cattle-raising household ranges from 2.1 to 2.6 head between districts. In Prey Kabas District, 67% 
of households raise cattle and 23% of households use cattle for draught power. In Tramkak District, 
the corresponding levels are 87% and 80%, respectively.  
Despite the large number of draught cattle, mechanization of land preparation is increasing, either 
as a result of individual household investment or through contract operations. Nearly 8,500 power 
tillers, accounting for 4.7% of rice farmers, were registered in Takeo Province in 2012 (MAFF, 
2013). Because of the large area of DS rice cultivation, there were 3,743 small combine harvesters 
in the province in 2012, accounting for almost 50% of the national total. This represented a fourfold 
increase over the number in 2011. Large capacity harvesters did not become available until 2012, 
with 91 machines being reported (MAFF, 2013). Despite the rapid increase, the number of combine 
harvesters is not sufficient to harvest the entire rice crop in the province. In addition to the farmers’ 
financial constraints, field conditions and the characteristics of WS rice varieties are not always 
suited to mechanized harvesting. The number of threshing contractors has also gradually increased 
in recent years. In 2012 there were 1,300 threshers registered, an increase of 400 over 2011 (MAFF, 
2013).  
Takeo Province has a large number of rice mills. Nevertheless, while there has been an increase in 
the level of mechanization of farming operations in recent years, the number of small rice mills has 
declined from 3,800 in 2011 to 3,500 in 2012. Over the same period, there was a decline in the 
number of large rice mills from 10 in 2011 to 6 in 2012 (MAFF, 2013). As noted, much of the DS 
rice harvest is transported directly to mills in Vietnam. 
3.3.2 Kampong Speu Province 
The town of Kampong Speu is about 47 km west of the capital, Phnom Penh (Figure 3.1). The 
province covers an area of 7,017 km
2
, and is sub-divided into eight districts. The population in 2008 
was 784,799 in 154,171 households, accounting for 5.3% of the Cambodian total population 
(NCDD, 2010). The population density of 112 persons per km
2
 makes it also one of the most 
densely populated provinces in the country, though not as dense as Takeo Province. Bosedth 
District, in which the case-study village is located, has the second largest population in the province 
(137,458), and is comprised 15 communes and 218 villages (NCDD, 2010).   
Kampong Speu Province has several districts (but not the study district) which are covered by 
mountains and hills, and is within the area of 6 provinces classified as comprising plateaus and 
mountainous zones. Within this zone Kampong Speu has the largest population, accounting for 
almost half the total population of the six provinces (NIS, 2008). About 93% of households in 
Kampong Speu Province depend on agriculture for their livelihoods, with 92% cultivating rice. 
There are various off-farm and non-farm activities within the province, including crafts, trade, 
manufacturing, contracting, service provision, and public service. Approximately 13% of the 
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population aged between 18 and 60 is recorded as seeking off-farm employment, mainly as factory 
workers in Phnom Penh.   
WS rice cultivation depends almost entirely on rainfall, with very little supplementary irrigation 
being available. WS rice production in 2012 produced 342,450 tonnes, harvested from 113,657 ha, 
slightly above the provincial average (MAFF, 2013). The WS rice area in 2012 has declined 
significantly from the 289,978 ha in 2008 (NCDD, 2010). Rapid industrial development has 
probably been largely responsible for this decline, as much of the province has been allocated to 
special economic zones. The growth of large private holdings has also had a significant impact on 
the number of small farm households and the area under rice cultivation. In addition to being a short 
distance from Phnom Penh, three national roads traverse the province , the most notable being 
National Road 4 which connects Phnom Penh with Preah Sihanouk Province, where the only 
international seaport is located.  
About 14% of the total WS rice area in Kampong Speu Province has access to various forms of 
irrigation for potential use during dry periods in the WS. The construction of dams and canals, as 
part of a major irrigation scheme, accounts for 72% of the available water; 26% comes for natural 
sources such as rivers, streams, lakes and ponds; less than 2% comes from groundwater and 
household ponds. The number of tube-wells installed for irrigation remains low, with only 78 wells 
being recorded in the province in 2010. Despite the existence of these water sources for WS 
supplementary irrigation, potential water supply for DS cropping is very limited. The total area of 
DS rice was only 390 ha in 2012, the smallest area of DS production among the lowland provinces 
(MAFF, 2013). This represents a decline from the 1,100 ha of DS rice cropped in 2008. The small 
area of upland rice in mountainous districts has also shown a decline, from 503 ha in 2008 to 353 ha 
in 2012.   
Only a small minority (1.4%) of farm households in Kampong Speu Province depend  on non-rice 
crop cultivation for their livelihoods, but more than 31,500 ha of land (accounting for the equivalent 
of 27.6% of the area used for rice cultivation) was recorded in the 2012 wet season as being used 
for the production of non-rice crops (MAFF, 2013). Sugarcane and cassava cultivation by private 
companies accounted for 86% of this area. Smallholder cultivation of vegetables, corn, mungbean, 
and sesame accounted for only 14%. The limited potential for DS irrigation is reflected in the 
relatively limited area being used for DS cropping – only 17,550 ha in 2011 (MAFF, 2013).  
Since land preparation is mainly carried out using draught animal power, 79% of households were 
recorded as rearing cattle in 2010, averaging 3.2 head per household (NCDD, 2010). The total 
number of large ruminants in the province in 2012 was 387,735, of which only 0.3% were buffaloes. 
This represents a decline of 4.5% since 2008 (NCDD, 2010; MAFF, 2013).  
Mechanization is now an option for land preparation and transportation of harvested rice. However, 
the total number of power tillers and tractors registered in the province in 2012 was 7,757, 
accounting for only 5% of rice-farming households. Transplanting and harvesting continued to be 
undertaken manually. In 2012 there were only 5 combine harvesters being operated by contractors 
in the province. The number of rice threshers has increased rapidly to 480 in 2012, almost 6 times 
the number recorded in 2009. These are simple low-cost machines developed locally. As one of the 
major rice-producing provinces, Kampong Speu had 5,894 small rice mills and 28 large rice mills in 
2012 (MAFF, 2013).  
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In 2012, in Bosedth District, 55.5% of the 28,000 farm households had less than 1.0 ha and 4.4% of 
households were landless. The average paddy yield was below 2.0 t/ha, among the lowest in the 
Province. There were 7,761 cattle in 2012 raised by 89% of households, with an average of 3.0 
cattle per household. There were only 157 power tillers in the district.   
3.3.3 Rainfall pattern in the study area 
As outlined in Chapter 2, the rainfed lowlands receive the lowest annual rainfall when compared 
with the coastal zone and the plateaus and mountains. Figure 3.2 depicts the annual rainfall for 
Takeo and Kampong Speu Provinces over the 15-year period from 1999 to 2013, and the national 
annual rainfall over the same period. Despite the mountainous topography in parts of Kampong 
Speu Province, the annual rainfall is quite similar to Takeo province, ranging from between just 
under 1,000 mm to just over 1,500 mm per annum, but lower than the national average of between 
1,500 and 2,000 mm. 
 
Figure 3.2. Annual rainfall for Takeo and Kampong Speu Provinces and Cambodia, 1999-2013 
(MORAM, 1999-2013; MAFF, 1999-2013) 
Mean monthly rainfall records for Takeo and Kampong Speu Provinces for the 31-year period from 
1982 to 2012 shows that the months of lowest mean rainfall in the two provinces are from 
December to March (5-35 mm), and that the months of peak mean rainfall (195-230 mm per month) 
are September and October, although there is considerable variation in the wet season rainfall from 
year-to-year (Figure 3.3). The range of rainfall each month varies widely, with October having the 
largest range (0-500 mm) and February the smallest (0-40 mm). Only three months of the year, 
from July to September, avoided the occurrence of a full drought over the three decades, with a 
minimum monthly rainfall recorded between 35 and 85 mm. 
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Figure 3.3. Monthly mean rainfall and monthly rainfall range for Takeo and Kampong Speu 
Provinces, 1980-2012 (PDA Takeo, 1980-2012; CARDI, 1980-2012)  
The chance of receiving rain during specific months can have a significant impact on the success of 
DS non-rice and EWS rice crops. Figure 3.4 presents the probability of monthly rainfall exceeding 
0 mm, 50 mm, and 100 mm, based on 31-years of rainfall data recorded in Takeo Province. The 
calculation of rainfall probability was carried out by counting the number of years in which rainfall 
for a given month exceeded three thresholds (0 mm, 50 mm, and 100 mm), divided by the number 
of years (31), and multiplying by 100. On this basis, there is at least a 60% chance of receiving at 
least 50 mm of rainfall in the months from April to November, and at least 100 mm in the months 
from May to October.  
 
Figure 3.4. Chance of monthly rainfall exceeding specified thresholds in Takeo Province           
(PDA Takeo, 1980-2012) 
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In Kampong Speu Province (Figure 3.5) the probabilities are similar to Takeo Province, though the 
chance of exceeding 50 mm in November falls to just over 50%. Rainfall is relatively reliable in the 
wet season, but extending cultivation into the early wet season (EWS) or early DS becomes risky. 
The commencement of EWS rice cultivation in April has a better chance of coinciding with 
adequate rainfall (64% and 74% chance, respectively, of receiving above 50 mm) than for crops 
sown in March (when the probabilities of exceeding 50 mm drop to 10% and 35%, respectively). 
The risk faced by post-rice crops is highlighted at the other end of the wet season, where the chance 
of exceeding 50 mm in December is 33% in Takeo and 16% in Kampong Speu; the probability of 
receiving the same amount of rainfall in January drops close to zero.   
 
Figure 3.5. Chance of monthly rainfall exceeding specified thresholds in Kampong Speu       
Province (CARDI, 1996-2012) 
 3.4 Research Methods 
A range of research methods were used between 2010 and 2013 for data collection, including field 
observations, household surveys, discussions with village heads, key informant interviews, analysis 
of market trends, village exploration, use of village data manuals and documents, surveys of pond-
water and groundwater, rainfall data, soil surveys, and field crop experiments. The main methods 
used are well described in a number of established manuals (Casley and Kumar, 1988; Dillon and 
Hardaker, 1993; Mikkelsen, 1995; McConnell and Dillon, 1997; Yin, 2009; Fowler, 1993; M4P, 
2008). The field work was conducted by the author with the help of research assistants from the 
Cambodian Agricultural Research and Development Institute (CARDI), enabling the methods to be 
continuously adapted to suit the particular circumstances of the farmers and other informants in 
each village. 
3.4.1 Reconnaissance visits  
Before the commencement of the household surveys, two or three reconnaissance visits were made 
to each of the three villages covered by the study, to obtain an understanding of the village situation, 
paddy field conditions, farm resources, and farming practices. The information gathered was then 
used to develop and revise the questionnaire to be used for the household surveys, to ensure 
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productive interviews were carried out and useful information was obtained. During these village 
visits, the research objectives and planned field work were explained to the village heads, and their 
permission and assistance was sought for the conduct of the study in the villages. 
3.4.2 Household surveys 
Household surveys were carried out in the three villages between 2010 and 2013. The survey used 
an eleven-page questionnaire covering qualitative and quantitative aspects of the household’s 
farming operations. The interviews were carried out in the Khmer language (an English translation 
of the questionnaire is provided in Appendix). Table 3.2 presents the survey information in brief 
relating to the three villages. The sample sizes, selection criteria, and questionnaire designs are 
described separately in chapters 4, 5 and 6.  
Table 3.2. Characteristics of survey information 
Characteristics 
 
Trapeang Run 
Village  
Snao 
Village 
Ta Daeng Thmei 
Village 
Period of survey  April, 2012 March, 2012 March, 2011 
No. of respondents 79 62 59 
No. of households 157 277 158 
Population 788 1,318 743 
Sampling fraction (%) 50.3 22.3 37.3 
 
The selection of respondents was any farmer who was available and willing to participate in the 
interviews. The interviews were only carried out with farmers who voluntarily agreed to participate 
in the survey, and who believed there would be not potential adverse impact of their participation. 
The interviews were conducted across the entire village territory of household clusters (Figure 3.6).  
 
Figure 3.6. Interview with farmer and daughter (first and second left) in Ta Daeng Thmei       
Village, March 2011 
In the case of Snao Village, follow-up interviews with radish growers and non-radish growers were 
conducted between January and March 2013. The main purpose of these interviews was to 
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investigate the reasons for households not adopting radish cultivation. Because DS radish 
cultivation in paddy fields was exclusively practised in Snao, without a single plot of radish 
cultivation in neighbouring villages, some farm households who lived in the neighbouring village of 
Tungke, who owned plots of paddy land next to the areas used for radish cultivation, were also 
interviewed. These follow-up interviews used selected sections of the broader questionnaire.  
It is acknowledged that some farmers, when interviewed, may not always have been able to provide 
precise answers, especially when quantitative information was sought. Other sources and methods 
of collecting information contributed to the confidence in the research output. The relatively high 
sampling fractions, the triangulation with other sources of information, and the reasonably 
homogeneous farming activities and resources in each village meant that the survey data provided a 
reliable quantification of farm household activities.  
3.4.3 Discussions with village head 
Informal discussions were conducted with the village head in each village to document the history 
of the village settlement, current administration, interventions by government authorities, land 
tenure, farmer characteristics, credit agents, sources of livelihoods, village infrastructure, water 
resources, and (where relevant) dam construction and its impact on paddy land. Because the village 
heads were also experienced farmers, they could provide information on cultural practices, cattle 
productivity and management, rainfall patterns, markets, and contract farming practices (Figure 3.7). 
 
 
Figure 3.7. Discussion with the village head of Snao Village (left), July 2012 
3.4.4 Key informant interviews 
Additional information, including village history, sources of crop varieties, cultural practices, 
cropping calendars, occurrence of drought, floods and pests, and adoption of new technologies, was 
obtained from interviews with small groups of older, retired farmers and experienced active farmers. 
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Based on their farming experience, they were also reliable sources of quantitative information about 
such topics as labour inputs for land preparation and transplanting of rice crops, farmyard manure 
application, weed management, harvesting, and crop yields. Questions relating to cattle productivity 
and management were also answered by these farmer groups. The key informants could supply 
qualitative and quantitative data in support of the survey information, thereby helping to triangulate 
the data.  
3.4.5 Market channel interviews 
Market-related interviews were conducted separately from the household survey, because the farm 
households surveyed, whether or not they sold paddy rice, could only provide limited information 
on the marketing of rice, particularly when the rice was going beyond the Cambodian border. To 
obtain information about the relationships between the DS paddy rice producers and the final 
consumers of this rice, interviews began with the DS rice growers and village rice broker, followed 
by the tracking of the transportation of rice to enable interviews with truck owners and rice trader 
near the Cambodia-Vietnam border. Because the sale of WS rice and of radish, peanuts, and other 
non-rice crops involved a shorter market chain, the interviews directly with the crop growers could 
provide sufficient market information (Figures 3.8-3.10).  
 
Figure 3.8. Interview with rice farmers (first and second right) and local rice broker                
(background) in Prey Kabas District, July 2012 
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Figure 3.9. Interview with port rice trader (first right) and local rice collector/truck owner      
(second right) at Angkor Borei port in Angkor Borei District, July 2012 
 
Figure 3.10. Observing the unloading of rice from a truck to a boat at Angkor Borei port                 
in Angkor Borei District, July 2012 
3.4.6 Village exploratory walks 
Interviews and discussions do not always enable full documentation of the questions raised with 
farmers and village representatives. Exploratory village walks were therefore used as a means of 
providing additional and sometimes key information, both from direct observation (with 
photography) and casual conversations with farmers in their fields. A sequence of on-farm activities 
takes place on a regular basis in the period between December and May, when most fieldwork for 
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the thesis was undertaken, including the harvest of the WS rice crop, DS rice and non-rice cropping 
(including land preparation, planting, irrigation, weeding and harvesting), followed by preparation 
for planting of the following year’s EWS or WS rice crops. While farmers were working in their 
paddy fields they were often able to provide important observations and information relating to their 
cropping activities and the marketing of their produce. These village exploratory walks helped to 
capture a broader picture of activities in the three villages (Figure 3.11). 
3.4.7 Village data manuals and documents 
Village-level data are recorded by village leaders on an annual basis, this information being then 
sent to the Provincial Planning Departments to provide an official record for the village. The 
statistics recorded include the village population and household number,  education levels, sources 
of livelihood, agricultural production, numbers of wells and ponds, livestock numbers, availability 
of natural resources, transportation, mechanisation, water use, administration and security, welfare, 
and information relating to vulnerable farm households. All three village heads allowed this 
information to be copied for later use. The village heads also shared documents relating to the areas 
of cultivated land for different uses, land titles, canal and dam areas, tube-wells, village 
infrastructure, and other administrative information. 
 
Figure 3.11. Harvesting radish in Snao Village, March 2012  
3.4.8 Pond water and groundwater surveys 
A survey of on-farm irrigation water was conducted by directly measuring water levels in 14 tube-
wells and 11 ponds during the dry season between December 2012 and April 2013. This data was 
collected to confirm the household survey information about on-farm irrigation sources and to 
evaluate the potential for on-farm irrigation of non-rice crops cultivated in the dry season. The tube-
wells and ponds were randomly selected in Snao and Trapeang Run Villages. Measurements were 
taken monthly and, at the same time, tube-well and pond owners were interviewed to obtain 
information on pumping duration and rainy days over the  four weeks prior to the interview (Figures 
3.12 and 3.13).  
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Figure 3.12. Measurement of groundwater level in Snao Village, January 2013  
 
Figure 3.13. Measurement of pond water level in Trapeang Run Village, March 2013 
3.4.9 Rainfall data 
The rainfall data presented in Chapter 2 and Section 3.3 above, were collected from different 
sources, including the Provincial Department of Agriculture, Ministry of Water Resources and 
Meteorology, Ministry of Agriculture, Forestry and Fisheries, and the Cambodian Agricultural 
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Development and Research Institute (CARDI). In the rainfed lowland environment, rainfall is the 
only water source for WS crop cultivation and to replenish water in farm ponds; rainfall, apart from 
river water resources, also determines the recharge of groundwater aquifers, which are the main 
potential source of water for on-farm irrigation during both the DS and EWS.  
3.4.10 Soil surveys 
A soil survey was conducted in the 2013 dry season to assess the importance of soil type for radish 
cultivation in Snao Village. Soil samples were collected from 10 paddy fields – 5 that were 
cultivated with dry-season radish and 5 that were left fallow in the dry season (Figure 3.14). The 
soil samples were then analysed by the soils laboratory at the Cambodian Agricultural Research and 
Development Institute (CARDI) to measure nutrient content and soil texture. The results of the soil 
analysis provided information which, in combination with the information from survey households 
and key informants, allowed robust conclusions to be made in relation to the adoption of radish 
cultivation in some locations but not in others.   
 
Figure 3.14. Collection of soil samples from non-radish land in Snao Village, March 2013 
3.4.11 Field crop experiments 
As well as obtaining information on the cultivation of post-rice crops from survey respondents and 
key formants, data from field trials conducted by CARDI was also collated and analysed (Seng et 
al., unpublished). The field crop experiments were carried out by the project “Diversification and 
intensification of rainfed lowland cropping systems in Cambodia” funded by the Australian Centre 
for International Agricultural Research (ACIAR). As a project member, this author conducted 
economic analysis of the double cropping systems, based on field trial data and farm household 
surveys. Four field trials on mungbean and peanut cropping in rainfed paddy fields were conducted 
over two dry seasons – 2009-2010 and 2010-2011. The experiments were conducted on sandy soils 
of low fertility in two settings: (i) at the CARDI research station located 20 km southwest of Phnom 
Penh; and (ii) on a farmer’s paddy fields in Takeo Province, about 80 km south of Phnom Penh 
(Figure 3.15). A fuller description of these trials is given in Chapter 7.  
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Figure 3.15. Experimental field of mungbean in paddy fields in Takeo Province 
3.5 Analytical Methods 
The analysis was undertaken within the overall research design of comparative case studies. That is, 
the three case-study villages were first analysed separately, using all sources of data (primary and 
secondary, quantitative and qualitative), and then the three cases were compared, taking account of 
key similarities and differences among the villages.   
The household survey data were analysed for each of the three villages using conventional 
descriptive statistics (mean, proportion, median, first quartile (q1), third quartile (q3), and range) for 
such quantitative variables as household composition, employment of household workforce, farm 
resources (land, water, human resources and capital assets), cropping and livestock practices, 
marketing processes, and sources and levels of household income. This information was 
supplemented with qualitative descriptions based on key informant interviews, secondary data, and 
direct observations. Statistical techniques were used to test the relationships among important 
variables, including t-tests for means, chi-square tests for proportions, pair-wise correlation 
coefficients, and ordinary least squares (OLS) multiple regression. Details of these statistical 
analyses are provided at the relevant points in this thesis. In addition, as described above, separate 
quantitative analyses were undertaken of soil, water, and rainfall data for specific locations.   
Economic analyses focused on individual farm activities or enterprises (e.g., WS rice, DS peanuts, 
DS radish) and on whole-farm analysis, incorporating crops, livestock, and non-farm activities. 
Several measures were used to assess the economic returns of each enterprise and the farm as a 
whole, derived from conventional farm management economics (Dillon and Hardaker, 1993) but 
modified to fit the circumstances of semi-subsistence Cambodian farm households. The widely-
used measure, the enterprise gross margin, was defined as the gross value of production (measured 
as the estimated yield multiplied by the farm-gate price) less paid-out costs or cash expenses; the 
output was termed the net return to household resources of land, labour, and capital (NRHR). This 
recognises that in the Cambodian context a farm household is a single indivisible entity, with its 
land, household labour, and farm-produced inputs being managed to benefit and sustain the whole 
entity. Nevertheless, household labour was increasingly seen as a variable input that could be 
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allocated to alternative farm enterprises, or to off-farm and non-farm activities for a wage. Hence 
the ratio of NRHR to the input of household labour was calculated as an indicator of labour 
productivity that could be compared with daily wage rates; this ratio was termed the net return to 
household labour (NRL). Moreover, while much of the farm household’s efforts were directed 
towards subsistence production using farm-produced (i.e., non-cash) inputs, farmers did incur cash 
expenses and needed cash income for various farm and family needs, so they were also concerned 
about the net cash flow (NCF) of their overall operation. The monthly profile of NCF determined 
the farm’s cash balance and hence the potential need for credit to finance the working capital of the 
farm.  
The production inputs were classified into farm-provided inputs, cash expenses, and household 
labour. The farm-provided inputs potentially included seed for planting, farmyard manure, and on-
farm irrigation water, all of which involved no cash outlay. There could be a substantial cost for 
seed if it has to be purchased, but farmers usually retained seed for planting from their previously 
harvested crops. Farmyard manure was collected from the farmer’s own animals and was regarded 
as having negligible opportunity cost, although labour was required to transport the manure to the 
cropping areas. The main cash outlays related to the purchase of chemical fertilizers, fuel for hand 
tractors and pumps, and other chemical inputs (e.g. pesticides and herbicides). Although there were 
no water fees for irrigation, fuel and machinery costs could be incurred when water was pumped 
from ponds or underground sources, while there was also a labour input for managing each round of 
irrigation. Household labour was used for land preparation, planting, application of farmyard 
manure and chemical fertiliser, irrigation, weeding, and harvesting. The labour input for land 
preparation only involved household labour, while the opportunity cost of using the household’s 
draught animals was considered negligible, as farmers in the study villages did not rent or hire 
draught animals. The practice of labour exchange was also reported, but this involved no cash cost 
and indeed no in-kind cost as the external labour provided was offset over time by household labour 
working for the other farmers in the labour-exchange group.  
Survey data were used to calculate the above measures of economic performance on a per-hectare 
basis for each case-study village, with median values, first (q1) and third (q3) quartiles, and the 
lowest and highest values presented to indicate both the most likely values and the full range of 
values. As well as presenting the unit costs and returns of each crop enterprise on a per hectare basis, 
enterprise budgets are presented for the typical (median) scale of enterprise. These enterprise 
budgets are aggregated into representative whole-farm budgets to capture the circumstances faced 
by each type of farm household in each village. In general, households were very similar in their 
resource base and activities, but in Snao Village, for example, some households engaged in DS 
radish production while others did not, and some households had access to DS rice land outside the 
village boundary, while others did not (see Chapter 5). The whole-farm analysis included monthly 
profiles of land use, labour use, and cash flow, and annual projections of the household’s rice 
surplus or deficit.  
3.6 Conclusion 
The research focused on a defined study area, the more densely-populated lowland plains of 
southern Cambodia. A multiple case design was chosen with multiple (embedded) units of analysis, 
specifically – villages, farm households, and farming enterprises. Three villages were selected to 
explore the impacts of different degrees of access to irrigation for intensification and diversification 
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of the farming system – restricted, moderate (on-farm), and full (reservoir and canals) irrigation. A 
farm management approach was employed to guide the collection and analysis of quantitative and 
qualitative biophysical and socioeconomic data. The overview of the study area given in this 
chapter provides the context for the detailed case descriptions in chapters 4, 5 and 6. Further detail 
on the research and analytical methods is given at relevant points in these chapters.   
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CHAPTER 4 
TRAPEANG RUN – A RAINFED LOWLAND VILLAGE 
 
4.1 Introduction 
This chapter provides a case study of a purely rainfed lowland village – Trapeang Run Village in 
Takeo Province. The designation “purely rainfed” indicates a lowland rice-based farming system 
dependent almost completely on rainfall and therefore unable to support any cropping activities in 
the dry season, though the villagers have limited access to irrigation from small backyard ponds. 
Farmers in Trapeang Run are mostly resource-poor households owning small areas of paddy land 
and cultivating a single rice crop under various pressures, including poor soil fertility, unreliable 
rainfall, and reliance on conventional farming practices (as described in detail in Chapter 2). This 
case study represents the most unfavourable environment of the three case studies presented in the 
thesis, because of the lack of an irrigation source in the dry season (Figure 4.1). The analysis of the 
farming system in this case of restricted farm resources reflects the general situation in the rainfed 
lowlands, providing a baseline for examining the feasibility of improvements to rural livelihoods in 
this environment.  
The analysis is based on a diversity of information sources, including pre-survey field observations, 
informal key informant interviews, a farm household survey, annual village statistics for 2011, 
national census data for 2008, and other secondary data. Field observations, farm household visits, 
and key informant discussions with the village head and older farmers were conducted between 
March 2010 and April 2012. Following this, a questionnaire survey was carried out in April 2012 
with a random sample of 79 farm households out of the 157 households in the village. The only 
criterion was that the households cultivated WS rice. Given the limiting environment, there was 
considerable homogeneity in farming resources and activities, Hence the survey sample of 79 
households, half the total number of village households, can be considered sufficiently 
representative.  
The survey interviews were conducted in the Khmer language, the native language of both the 
author and the respondents. The preferred interviewee was any of the household members who was 
involved directly in farming activities and who shared responsibility for farming decisions. The 
questionnaire was designed to obtain information on demographic characteristics, land holding, 
cropping activities including wet season rice, early wet season rice, and any non-rice crops, any 
supplementary irrigation, farm mechanization, livestock production, farming outputs, and the 
diversity of household incomes. A translation of the questionnaire is reproduced in the Appendix. 
Nearly all the interviewed farmers were either the husband (44 respondents) or wife (33 respondents) 
of the senior married couple in the household. Their average age was 46 years, varying between 21 
and 70 years. Seventy six per cent of respondents were aged between 40 and 60 years. Most farmers 
were available for interview in the dry season when the survey was carried out. Neither the husband 
or wife, the preferred respondents, migrated in search of off-farm work outside the village. Rather, 
younger family members were more active in non-farm employment. Though the selected 
households participated well in the survey, a number of interviewees found it difficult to respond to 
some questions, due to their lack of knowledge and poor recollection of past activities. Though they 
have owned farming land for several decades, many farmers did not know the exact size of their 
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farms. Continuous use of conventional farming practices did not challenge farmers to think about 
their techniques or improve their knowledge. It was also hard to inspire the interviewed farmers to 
produce useful ideas outside answering the specific questions in the questionnaire. The interview 
time varied among the farmers depending on their understanding and memory but generally ranged 
from 90 to 150 minutes.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1. Paddy land in the early dry season in Trapeang Run, January 2012 
4.2 Village Profile 
Trapeang Run Village is located 75 km south of the capital, Phnom Penh, and only 1-2 km east of 
National Road 3. The geographic coordinates of the village are 11° 02' N, 104°42' E, and 15 metres 
above sea level (masl). Administratively, the village is within Tramkak District in Takeo Province 
(Figure 3.1 in Chapter 3). The village location made it suitable for comparison with the other case-
study villages, as it was situated between them in a similar environment in terms of rainfall and 
temperature patterns, but different in terms of irrigation resources. There were 157 farm households 
settled on the total village land area of 113 ha, resulting in a high population density of 697 persons 
per sq km (Village Statistics, 2011). Being a purely rainfed lowland environment, the village land 
comprised relatively homogeneous paddy land (90 ha or 80% of the total area) and uplands used for 
residential areas, non-rice crops, and roads.  
The total village population was 788 with a sex ratio of 111 males to 100 females (Village Statistics, 
2011). The distribution of the village population in terms of age and sex is presented in Figure 4.2. 
Dependent children aged under 15 years accounted for 25% of the total population. When combined 
with those aged over 60 (8%), the proportion of dependants was 32%. Thus the proportion of 
economically active members of the population was very high (68%). The village population 
distribution contrasts with the Takeo population data. This can be seen in the proportion of the 
population under 25, which was only 35% in the village but 55% in the province as a whole, the 
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latter figure reflecting rapid population growth (NIS, 2008). The lower percentage of young people 
in the village is mainly due to the small proportion in the 15-25 year age group, presumably due to 
outmigration. This may also account for the apparent inverted pyramid in the older age cohorts up 
to 60 years. The result is that a large proportion of the on-farm working population is aged between 
36 and 60. 
 
Figure 4.2. Distribution of the population inTrapeang Run by age group and sex                    
(Village Statistics, 2011) 
Cambodian village settlements are typically located on a common area of higher land that remains 
dry in the wet season, this area being known as phumi, meaning village. These sites are preferably 
established along a road, footpath, cattle cart track, or dam wall. The number of houses in such a 
settlement can vary from a handful to up to a hundred, depending on how favourable are the 
conditions and the duration of village settlement. Long-established villages are normally more 
congested, with a large number of houses. Initial settlement of a village area typically involves only 
a few houses situated along a road. Expansion first occurs along the road and then extends away 
from road into other areas not subject to flooding. Once the collective land areas of a village 
become fully occupied, newly formed farm families are forced to settle in areas adjacent to their 
own paddy fields. 
The name Trapeang Run comes from the word trapeang, meaning a naturally occurring pond and 
run referring to a name. There was probably originally a natural pond or wetland of considerable 
size. Unlike the common settlement pattern described above, the farm households in Trapeang Run 
Village have their houses adjacent to their own paddy fields or on other individual plots of land, 
rather than in a common area. Thus the residential layout of the village comprises single houses, or 
a few houses in one location, scattered throughout the administrative territory of the village (Figure 
4.3). This settlement pattern allows farmers to access their rice fields regularly, which would be 
beneficial for crop management. Otherwise farmers only occasionally visit their rice crops after 
transplanting. The settlement pattern is also suitable for livestock raising, because the paddy fields 
can not only be used as a source of feed for cattle, pigs and chickens, but  the animals can also be 
confined for safety reasons and to prevent them from disturbing the neighbours of owners. The 
 56 
settlement pattern also leads to spacious farmyard plots for vegetable and fruit tree cultivation. 
Digging a pond to build up a plot of land that is free from standing water within the paddy field in 
order to build another house was observed to be an increasing trend because of the growing 
population and also because of the benefits of on-farm ponds for fish culture and supplementary 
irrigation. These ponds may provide a potential for cultivation of non-rice crops in the dry season. 
 
Figure 4.3. Layout of Trapeang Run Village 
 
Figure 4.4. One of the dry canals in Trapeang Run in the dry season, April 2012 
The village was crossed by two intersecting dirt roads (2m wide) running west-east and north-south, 
and many narrow lanes or footpaths (little larger than paddy field bunds) were connected one to 
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another and to the main roads (Figure 4.3). Two canals were identified within the village but they 
did not connect to any large water source and had no water in the dry season (Figure 4.4). They are 
useful to save the WS rice crop from short drought periods because they can store water for longer 
periods than the paddy fields. Despite the village name, natural ponds no longer exist in the village 
area. However, small farm ponds dug by individual farmers next to their houses are very common, 
because the pond water can be used by the household members and for watering homeyard crops; 
they were being used as fish ponds in many cases. However, there is no water in these ponds for 
potential irrigation use, from March to May.   
4.3 Household Resources 
4.3.1 Human resources  
Despite matrilineality pervading the Khmer kinship system, daughters and sons have equal rights to 
inherit land and other property after marrying and establishing their own households (Ovesen et al., 
1996). The Khmer custom is for the parental household to transfer part of its property to married 
children, so that they can establish independent households. This includes the transfer of farming 
land and possibly cattle, the amount being transferred being dependent on the wealth of the 
household and the number of children. The remaining assets, including house, farming land, cattle, 
and farming tools, are inherited by the last married child (typically a daughter) who stays with and 
looks after the elderly parents, influenced by the traditional preference for matrilocality. Even while 
physically fit, the parents normally transfer all their remaining assets to the child with whom they 
have decided to remain in their old age (an essential strategy in the absence of any social security).  
Because of the gradual process of separation of family members, households are usually nuclear 
families or, in the case of the parental household, stem families. Hence the average household size 
in the survey was only a little over 5 members, with half the households having between 4 and 6 
members (Table 4.1). The average number of household workers was 4.0, with half the households 
having between 2.5 and 5 workers, providing most households with a capacity for both farm and 
non-farm work. In addition to the household head and spouse, the additional household workers 
included children aged 15 years and over, as well as parents, siblings, and other family members. 
Farm households with working-age children aged 15 years and older accounted for 57% of 
households.   
Table 4.1. Household composition in Trapeang Run 
Characteristic Mean q1 q3 Range 
    Min Max 
Age of household head (years) 46.4 39 56 21 77 
Education (grade)      
- Household head 6.0 4 8 0 12 
- Spouse 4.7 2 8 0 11 
- Children 9.2 8 12 3 12 
Household size 5.4 4 6 1 10 
Number of workers 4.0 3 5 1 9 
Number of female workers 2.0 1 3 1 4 
Number of dependants 1.4 0 2 0 5 
 
Either the household head or the spouse or both, were the key members of the farm household in 
making decisions about farm and non-farm activities. Though younger family members are engaged 
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in non-farm work, the practice of consulting and seeking permission from parents remained strongly 
embedded in rural society. Of the 79 household heads, 70 were men (Table 4.2). Their average age 
was 46, with 38% falling in the range of 40-49 years. Whether male or female, most household 
heads were active and experienced farmers. Their average education was grade six, with half the 
household heads completing between 4 and 8 years of education (Table 4.1). Even so, 19% of 
household heads were illiterate, as also 29% of their spouses. Their children have had better 
educational opportunities, averaging grade 9, with most completing between grades 7 and 12. There 
were no children aged 15 years and over who were uneducated, and more than 10% of the children 
from the households surveyed had entered tertiary colleges. 
Table 4.2. Age and gender of household heads in Trapeang Run 
  Number % 
Age Male Female Total   
20-29 6 0 6 8 
30-39 13 1 14 18 
40-49 28 2 30 38 
50-59 13 2 15 19 
60+ 10 4 14 18 
Total 70 9 79 100 
 
As mentioned above, the household members who were actively involved in generating an income 
were mainly the household head (commonly the husband), his wife, and their sons and daughters 
aged 15 years and over. Their sources of income included farming and non-farm activities. Because 
of the village location, non-farm activities took place in a range of geographic spheres, within the 
village, Tramkak District, Takeo Province, and Phnom Penh. Activities close to the village included 
small-scale trading, palm juice tapping, palm sugar production, and taxi driving. Activities 
undertaken away from the village were mostly jobs in garment factories and the construction sector. 
The respondents were asked to rate farm and non-farm occupations as primary and secondary 
occupations, based on the amount of time spent and their relative contribution to the household 
income (Table 4.3).  
Table 4.3. Occupations of economically active household members in Trapeang Run (%) 
Job 
Head  
(n=79) 
Spouse  
(n=66) 
Daughters  
(n=62) 
Sons  
(n=77) 
Primary job         
- Farm 86 75 19 31 
- Non-farm 10 8 42 35 
- Student 0 0 39 34 
Secondary job     
- Farm 22 19 34 22 
- Non-farm 46 19 2 5 
- Student 0 0 0 0 
 
Farm work was the primary occupation for 86% of household heads and 75% of spouses. However, 
46% of household heads were also involved in non-farm employment as their secondary occupation, 
and 19% of spouses. Farming as the primary job referred to rice cultivation, and farming as a 
secondary job related to non-rice agricultural activities. For children aged 15 years and above, non-
farm employment was the primary occupation for 35% of sons and 42% of daughters, though 
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education was almost as important in both cases. Just over half of sons and daughters nominated 
farming as their primary or secondary occupation. They were therefore available to assist their 
parents’ farming activities from time to time.  
A single WS rice crop enabled the two permanent household workers, the household head and 
spouse, to carry out all activities without a labour constraint. Drawing on labour exchange, part-
time assistance from their sons and daughters, and perhaps some hired labour from within the 
village, they could manage the labour-intensive tasks of transplanting and harvesting. The slack 
periods during rice cultivation allowed their children to migrate to seek non-farm work, mainly in 
garment factories and construction sites in the city. Despite cultivating only a single rice crop a year, 
the household head and spouse were not able to leave the village for non-farm employment because 
of their key responsibilities for the secondary activities of the household. Besides rice cultivation, 
they also needed to engage in caring for livestock, subsistence non-rice crops, and other non-farm 
activities. They lacked the basic skills for work in industry or construction. However, the village 
was less than 10 km from the centre of Takeo Province and less than 3 km from the district market, 
the second largest market after the provincial market. This proximity was favourable for non-farm 
activities such as taxi driving, small-scale trading, palm juice tapping for alcohol, and palm sugar 
production. 
4.3.2 Land resources 
The most valued asset of farm households in the rainfed lowlands, including in Trapeang Run 
Village, is their paddy land, providing their supply of rice for subsistence needs and a potential 
source of cash income. Landholdings in the village are small but there were no landless households. 
The average area of paddy land was 0.9 ha, with half the households owning between 0.5 ha and 1.2 
ha (Table 4.4). Figure 4.5 shows the distribution of paddy land. The mode (35%) was only 0.1-0.5 
ha, with 88% of households having 1.5 ha or less. Only 4 households (5.4%) owned between 2 and 
3 ha. Apart from paddy fields, 27% of surveyed households had an additional small plot of upland 
which was flood-free in the wet season and was favourable for non-rice cropping year-round if 
water was available. The average upland holding for these households was 0.1 ha, with a range of 
0.01-0.3 ha. This land was either part of their houseyard or located next the residential areas. The 
land in the village was mostly the Prateah Lang soil type, characterised by a lighter-textured topsoil 
overlying a heavier-textured subsoil. These soils are of low fertility because they have very low 
cation-exchange capacity, low organic matter content, and low reserves of weatherable minerals 
(White et al., 1997). 
Table 4.4. Household land ownership by land type in Trapeang Run 
 Statistic Paddy land (n=74) Upland (n=21) 
  Area (ha) No. of parcels Area (ha) No. of parcels 
Average 0.9 3.3 0.10 1.1 
Median 0.8 3.0 0.07 1.0 
q1 0.5 2.0 0.04 1.0 
q3 1.2 4.0 0.15 1.0 
Range 0.12-3 1-10 0.01-0.3 1-2 
 
 60 
26
23
16
5
2 2
0
0
5
10
15
20
25
30
0.10-0.50 0.51-1.00 1.01-1.50 1.51-2.00 2.01-2.50 2.51-3.00 >3.00
Land holding (ha)
N
u
m
b
e
r 
o
f 
h
o
u
s
e
h
o
ld
 
Figure 4.5. Distribution of paddy landholdings by household in Trapeang Run 
The paddy land was highly fragmented. As discussed in Chapter 2, the practice of “solidarity group 
farming” after the collapse of the Khmer Rouge regime in 1979, followed by land ownership reform 
in 1989, significantly influenced the current land fragmentation across the country. Every household 
member who was a member of the collective farming groups that existed in the 1980s, obtained a 
title to a small plot of land, the size of which varied between 0.08 and 0.15 ha, and which was 
scattered across the village territory. Documents of land title recognised by the central government 
have been granted until recently. This has impacted on the fragmentation of household land 
ownership in the village. The traditional Khmer practice of land inheritance from parents to children 
(mentioned above) has also had an impact on land fragmentation.  
Thus, despite small land holdings, the median number of plots of paddy land per household in 
Trapeang Run village was 3, and the mode was 2-3 plots (Table 4.4). Only 16 households (22%) 
had their paddy land in the form of a single plot (Figure 4.6). Almost a third of households had 
between 4 and 7 plots and one of the two households with 3 ha of paddy land cultivated 10 different 
plots. The distance between plots varied from 20-30 metres to 1-2 km, within and outside the 
village boundary. Some interviewed farmers indicated they did not want to merely exchange paddy 
fields to have them more conveniently located, because the plots varied in terms of soil fertility and 
standing water depth, hence those with better fields would require  some in-kind or cash 
compensation as well.  
The main cropping pattern on paddy land was WS rice cultivation by every farmer on all the land, 
planting in June and harvesting in December, and EWS rice cultivation by 62% of the farmers on 
part of their land, planting in May and harvesting in August. Because only a small part of the paddy 
land was cultivated with EWS rice, there was little impact on land use between the two rice crops, 
despite the end of the EWS rice harvest coinciding with the beginning of transplanting the WS crop. 
Lack of supplementary irrigation prevents   farmers from increasing their EWS rice area, even if 
there has been insufficient paddy harvested in the preceding wet season, as can occur in many cases.  
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Figure 4.6. Distribution of paddy plots by household in Trapeang Run 
Besides the two main rice crops, non-rice crops, including watermelon, mungbean, cucumber, 
pumpkin and convolvulus, were being cultivated by 44% of households. Of these non-rice crops, 
43% were cultivated on higher land in the wet season but some planting occurred on paddy land 
next to farm ponds and in residential areas in the dry season between January and March. The 
chance of harvesting crops in the DS under paddy field conditions was low, due to the shortage of 
irrigation water in the later crop stages. Because of the small cultivated area, negligible output, high 
chance of failure, and small number of engaged households, non-rice crops cultivated on paddy 
fields in the DS cannot be viewed as a significant cropping pattern in the village.  
4.3.3 Water resources – pond water 
According to Bhuiyan and Zeigler (1994), the uneven distribution of rainfall during the main rice 
season, and the variation in the timing of the onset of the rains, gives farmers an incentive to find 
some way to supplement the water needs of their subsistence rice crop. The lack of irrigation within 
the village was a prime motivation for 70% of the respondents to excavate a small pond, to be used 
for a variety of purposes. Of the number of households with ponds, 70% had a pond adjacent to 
their residence, 16% had a pond in a paddy field, and 14% had one pond adjacent to their house and 
another in a field. According to the respondents’ recollections, 25 of the total of 54 ponds were dug 
more than 35 years previously, that is, even before the Khmer Rouge period (1975-1979), together 
with those more recently established, have been reasonably evenly distributed (Figure 4.7).   
All ponds are filled by rain water in the wet season and stored water for at least part of the dry 
season; however, a small number of farmers indicated that their ponds are also filled by 
groundwater from adjacent tubewells. The average pond size was 13m x 22m with 2m depth (about 
500 ML), though this also varied from 4m x 5m and 1m depth (20 ML) to 40m x 50m and 5m depth 
(1,000 ML). Most ponds were dug by family labour, especially those installed long ago. The 
average cost of recent pond excavation by machine or hired workers was USD 175, ranging from 
USD 75 to 375, depending on pond size. The cost of digging a pond was not beyond the reach of 
most households, drawing on annual farm and non-farm income sources and there was no 
maintenance costs, though many respondents pointed to a shortage of finance and labour as 
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constraints. More importantly, given the small farm size, a pond large enough to supply DS crops 
would involve a significant loss of paddy land (Figure 4.8).  
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Figure 4.7. Distribution of pond establishment by year in Trapeang Run 
 
Figure 4.8. Digging a small pond on paddy land next to a residential area in Trapeang Run,       
April 2012 
Figure 4.9 shows the reported uses of ponds, with many respondents indicating more than one use. 
The main use was for irrigation of crops, indicated by two thirds of farmers with a pond. About half 
the farmers used the ponds for keeping cattle or fish, whether trapping wild fish or fish culture. 
Cattle could drink the water directly from the ponds, under the supervision of keepers to prevent the 
animals from wading into the pond. Water is also extracted to cool cattle during the extreme DS 
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temperatures or to wash muddy cattle. Pond water was also used for domestic consumption by a 
third of respondents, including washing and drinking. In some cases farmers simply needed soil to 
build up their residential area to avoid flooding and as a result a pond was excavated. The main 
advantages of having a pond were cited as having a source of fish for domestic consumption, 
followed by crop cultivation and use for livestock. In terms of use for irrigation, the pond water was 
typically applied to small areas of dry-season crops but as many as 50% of farm households also 
used this water source to rescue the wet-season rice crop when drought periods occurred, especially 
during the seedling stage. Most ponds were said to be able to store water until March or April 
depending on the frequency of watering the crops, the pond capacity, and the soil texture. 
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Figure 4.9. Important uses for ponds in Trapeang Run 
Direct measurement of pond water was carried out from December 2012 until April 2013 in 11 
ponds, to evaluate the potential for on-farm irrigation of dry season non-rice crops (Figure 4.10). 
The standing water level of the ponds was measured monthly and the pond owners were 
interviewed regarding the ponds, their use of pond water, and any unexpected rainfall. Table 4.5 
presents the five-month record of standing water levels from the 11 ponds. The average pond size 
was 340 m
2
, ranging from 195 to 460 m
2
 with depths ranging from 1.5 and 3 m. The average water 
depth in December was 1.4 m, but varied between 1.1 m and 2.1 m. The December level of standing 
water was almost the full capacity of the ponds, because at that time the paddy fields remained wet 
or even had standing water, and water use for any purpose was still low. The average level of 
standing water in the ponds gradually dropped from December to March, and by April three ponds 
were dry. Some early rainfall events in April (2013) slightly increased the level of water in most 
ponds, otherwise they would all become dry. Most of the 11 ponds, like other ponds in the village, 
were rarely used for irrigation because the pond capacity could not supply water for five or more 
months of irrigation. Figure 4.11 shows the significant decline in standing water level in the ponds 
over the 5-month period, the fitted trend-line having an R
2
 value of 0.92 and a coefficient of 0.26 m 
per month. Households saved water for domestic purposes and cattle, because there was no other 
water source in the dry season. Well water was not accessed by every household and was an 
inconvenient water source for cattle. However, even with minimal domestic use, the pond water 
was unlikely to last until the next wet season in June.  
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Sharing pond water was a common practice in the past, because this was considered a social 
responsibility in traditional Khmer communities. The practice influenced the construction of large 
common ponds located on public land or within pagoda compounds, to which the whole community 
had access. The majority (60%) of 55 pond owners covered by the survey indicated that their pond 
could be shared with other villagers without any conditions, but this practice was only carried out 
among relatives and close neighbours because of the small pond capacity. Others would be allowed 
access to the pond only occasionally in cases of urgent need, such as to extract the minimal amount 
of water needed for the survival of small plot of seedlings experiencing severe drought. The practice 
of sharing pond water was more likely among the households who owned ponds.  
Table 4.5. Standing water levels (m) of 11 selected ponds in Trapeang Run in the 2012-2013        
dry season  
Pond Pond area (m
2
) Dec Jan Feb Mar Apr* 
1 294 1.1 0.7 0.6 0.2 0.5 
2 195 1.1 1.4 1.1 0.8 1.0 
3 378 1.7 1.5 0.9 0.4 0 
4 270 1.1 0.8 0.4 0.2 0.4 
5 351 2.1 2.0 1.9 1.2 1.1 
6 394 1.2 1.0 1.0 0.3 0.6 
7 233 1.4 1.1 0.7 0.3 0.6 
8 461 1.3 1.3 0.9 0.5 0.5 
9 400 1.7 1.6 1.5 0.9 1.0 
10 306 1.5 1.0 0.4 0 0 
11 420 1.5 1.3 0.7 0.2 0 
Average 337 1.4 1.2 0.9 0.5 0.5 
* There were 3-4 consecutive heavy rainfall events in mid-April (2013) 
 
Figure 4.10. Measurement of pond water level in Trapeang Run, March 2013 
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Figure 4.11. Standing water levels of 11 selected ponds in Trapeang Run in the 2012-13               
dry season (December 2012 to April 2013) with trend-line 
4.3.4 Water resources – groundwater 
Another water source found in the village was groundwater, extracted through either open wells or 
tubewells. Forty four per cent of households had access to groundwater, but only 17% of these (i.e. 
five households) accessed groundwater by using tubewells. The average depth of both well types 
was 24 m, ranging between 6 and 45 m; and the average water level in March 2012 was 8 m from 
the ground surface, ranging from 2 to 29 m. Only a few respondents reported that the water level 
dropped between April and May. Most households (77%) that accessed groundwater, also owned 
ponds.  
The main purpose of installing an open well or a tubewell in the village was for household 
consumption, but 37% of well owners indicated that the water was not potable, due to the high 
limestone content and unpleasant taste. Over a quarter (26%) of well owners used the groundwater 
on their crops. Most of those who did not use groundwater for irrigation indicated that the water 
was of poor quality and had an adverse impact on crop growth. Many others cited the distance 
between the wells and cultivated land. 
The quality of groundwater in the village was unlikely to affect the crops because the farmers who 
used this water for irrigation did not report any negative impact, whereas farmers who indicated the 
water was not suitable for cropping did not use the water for irrigation. A bigger constraint was that 
wells were initially installed in residential areas for domestic use, hence for many households the 
distance to their fields was too great to allow the groundwater to be used. Pumping costs were also 
cited as an obstacle by interviewed farmers; manual pumping was not an option for extracting 
groundwater because of the distance between the wells and fields and the considerable effort needed 
to extract sufficient water for irrigation. Electrification was not yet available in the village, and even 
if available, might cost more than the use of fuel, based on current electricity prices at district level.  
Almost one third of the interviewed farmers owned a pump for irrigation use, whether they accessed 
pond-water or groundwater. The pumps, ranging from 3 to 8 horsepower, were mainly produced in 
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China. Most farmers who bought a pump had access to either a pond or a well, as 65% of pump 
owners had access to both water sources. Only two pump owners had neither. Most pumps had been 
purchased between 2007 and 2011, though the first reported purchase was in 2001. The price was 
around USD 110 and the fuel costs were USD 0.80 per hour. Most pumps needed replacing after 10 
years; there were four pumps reported to be almost 10 years old because their parts had been 
continuously replaced. 
Another 39% of households hired a pump to irrigate their crops at a cost of USD 2.50 per hour, 
including fuel. Most of these households indicated that there was no constraint in hiring a pump, 
because there were many available in the village. Some farmers occasionally borrowed a pump 
from their relatives or close neighbours. 
4.3.5 Capital assets  
Farming operations were mostly carried out using draught animal power and conventional tools, 
with few cases of mechanization. Two-wheeled tractors or power tillers, the largest capital item, 
were owned by only 4 of the 79 survey households (5%). According to the village statistical manual, 
there was only one power tiller in the village in 2011, but informants indicated there were 5 or 6 
units across the village in 2012. The prices of the four power tillers reported in the survey ranged 
from USD 700 to USD 2,000 reflecting that fact that some were second-hand   and others were new. 
Used power tillers were obviously more affordable for households with limited financial resources, 
although their running costs may have been higher.  
Among the survey households, portable water pumps, another costly capital item, were first 
acquired in 2001 and were owned by 23 households (29%) in 2012. The average cost of a pump 
was USD 110, but ranged from USD 50 to 300, with most households paying between USD 60 and 
150. The importation of used pumps was also an economic advantage for the farmers, despite their 
sometimes poor quality. The pump was required for the cultivation of DS non-rice crops using 
small household ponds and also to supply WS rice during short periods of drought.   
Another contemporary farming tool in the village was the knapsack sprayer, owned by very few 
households (4 families). Though the cost was affordable, farmers in this village, as well other 
rainfed lowland villages, rarely applied herbicides or pesticides in WS rice cultivation. As 
mentioned, the cultivation of DS non-rice crops was not a significant farm activity, hence the crops 
were given little care or inputs.  
Livestock capital was generally more significant than other capital assets. Livestock were kept by 
almost every household. Cattle in particular were kept by 89% of households and were considered a 
key source of farm inputs and cash income, producing draught power, manure, and a means of 
wealth accumulation. A detailed account of the cattle-raising activity is given in Section 4.5 below.  
4.4 Crop Activities 
4.4.1 Economics of WS rice production, 2011-2012 
Wet season (WS) rice was the main cropping activity of the survey households. The average area of 
WS rice in 2011-12 was 0.9 ha, ranging from 0.1 to 3.0 ha; 62% of survey households cultivated no 
more than 1.0 ha. This corresponds to the small cultivated areas reported in Chapter 1 for the 
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rainfed lowlands of the south-east. As described above, paddy land in the village predominantly 
comprised Prateah Lang soils, which have low fertility. 
The practice of transplanting WS rice crops requires early land preparation for the nursery and 
labour inputs for nursery management. Land preparation depends on draught animal power drawing 
a conventional mouldboard plough and wooden harrow. In the 2011-12 cropping season, the earliest 
ploughing of the nursery plot was in May and the last was completed in July; the ploughing time is 
highly influenced by the rainfall pattern. Based on the household survey, there were several rounds 
of ploughing, varying between 2 and 6, but the most common practice was 3 rounds at intervals of 2 
to 3 weeks. A similar pattern applied to harrowing, which was generally conducted after each 
ploughing. The main field was also tilled by cattle and using conventional tools for 2 or 3 rounds.  
Every nursery plot was fertilised using farmyard manure and 22% of the survey households applied 
extra mineral fertilisers. The average seeding rate was 81 kg/ha accounting for about 4% of 
harvested yield, with half the households using between 50 and 100 kg/ha (Table 4.6). The seed 
cost was deducted from the reported yield when calculating net returns (see below). The uncertainty 
of early season rainfall forced 39% of farmers to water their seedlings from ponds and canals 
between 1 and 4 times, to safeguard the crop. No farmers reported having to weed the nursery.  
Table 4.6. Material inputs for WS rice production in Trapeang Run (kg/ha), 2011-2012 
  Mean Median q1 q3 Range 
     Min Max 
Seed 81 72 48 105 21 240 
Fertilizer 124 106 59 167 23 438 
Fuel* 13 8 3 16 0.3 38 
Cattle manure 6,200 4,000 1,942 7,076 240 30,000 
*l/ha 
A diverse range of traditional rice varieties (over 10) and a small number of improved varieties 
were cultivated. Despite the small cultivated area, individual farmers cultivated as many as four 
different rice varieties. Two traditional rice varieties – srau kraham (red grain) and ath chhmors (no 
name) – were planted by most survey households; these varieties were planted on 101 plots out of 
203, accounting for 33 ha and produced comparable yields averaging 1.9 t/ha (Table 4.7). Glutinous 
rice varieties were also cultivated by many households (31 plots) but accounted for only a small 
total cultivated area (2 ha) because of the low consumption requirement. Glutinous rice is used for 
cakes and desserts, for which there is big demand only on special occasions such as Pchum Ben and 
Khmer New Year festivals.
3
 About 5 improved rice varieties released by CARDI have been adopted 
in the village and were being cultivated on 18 plots totalling 5 ha, with an average yield of 2.1 t/ha – 
only slightly more than the two main traditional varieties being grown; the improved varieties could 
not produce good yields on the poor soils with low levels of fertilizer application. Other traditional 
rice varieties were cultivated on 53 plots, totalling 15 ha and with an average yield of 2.2 t/ha.  
All WS rice growers applied cattle manure, on average applying over 6 t/ha, with 50% of farmers 
applying between 2 and 7 t/ha (Table 4.6). There was a significant positive correlation between the 
number of cattle owned and the paddy area (r=0.32; p=0.000), so the rate of manure application did 
                                                 
3
 Pchum Ben, also known as the Festival of the Dead, is a religious festival which every Buddhist Cambodian celebrates 
for 15 days by offering food to the monks at pagodas, dedicated to the souls of ancestors and relatives who have passed 
away.   
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not differ greatly between farms. The use of farmyard manure, which was not commonly traded, 
contributed to savings on the cost of mineral fertilizers. Given the large amount of manure applied, 
the labour input involved in transporting manure from the home to the paddy field was not 
negligible and was therefore included in the total labour requirement (Table 4.8).  
Table 4.7. Area and yield of rice varieties cultivated in WS and EWS in Trapeang Run, 2011-2012 
Variety Mean Median q1 q3 Range 
     Min Max 
Wet Season (WS) rice 
Kraham (64 plots or 18 ha)      
  area (ha) 0.36 0.30 0.20 0.50 0.06 0.94 
  yield (kg/ha) 1,930 1,900 1,263 2,400 666 4,800 
Arth Chmors (37 plots or 15 ha)     
  area (ha) 0.47 0.40 0.25 0.64 0.12 1.50 
  yield (kg/ha) 1,948 1,920 1,232 2,400 625 4,800 
CARDI varieties (18 plots or 5 ha)     
  area (ha) 0.34 0.30 0.20 0.45 0.06 0.80 
  yield (kg/ha) 2,130 1,650 1,440 2,625 480 4,800 
Glutinous rice (31 plots or 2 ha)     
  area (ha) 0.11 0.10 0.05 0.16 0.01 0.25 
  yield (kg/ha) 1,608 1,200 1,000 2,000 667 3,600 
Mixed varieties (53 plots or 15 ha)     
  area (ha) 0.33 0.23 0.17 0.40 0.08 0.90 
  yield (kg/ha) 2,248 2,313 1,506 2,711 778 4,292 
Early Wet Season (EWS) rice 
IR varieties (47 plots or 8 ha)     
  area (ha) 0.16 0.15 0.10 0.20 0.03 1.00 
  yield (kg/ha) 2,661 2,400 1,664 3,250 800 5,867 
 
Gerber et al. (2005) estimated that the nutrients supplied in the form of cattle manure in Cambodia 
to be 12 kg of N, 4 kg of P2O5 and 10 kg of K2O per 100 kg of liveweight. Maclean (1998) assessed 
the weight of cattle in Cambodia to range from 250 to 350 kg. On average, households in the survey 
owned 2.6 cattle. This implies a total nutrient supply for the average farm (0.9 ha) of 40 kg/ha of N, 
9 kg/ha of P2O5 and 22 kg/ha of K2O. For Prateah Lang soils, the recommended rates of fertilizer 
application are 40-60 kg/ha of N, 23-29 kg/ha of P2O5, 20-30 kg/ha of K2O, and 0-10 kg/ha of S 
(White et al., 1997). Hence the supply of cattle manure provided almost all the additional N and 
K2O needed but just over a third of the required P2O5.  
Farmers also outlaid cash for mineral fertilizers (Table 4.6). Every household applied one or two 
rounds of chemical fertilizer to the main rice field. The average total application was 125 kg/ha, 
with half the households applying between 60 and 165 kg/ha. Half of fertilizer applied was urea 
(46:0:0) and half was di-ammonium phosphate (DAP) (18:46:0) or compound fertilizer (20:20:15). 
When added to the nutrients provided by cattle manure, the overall fertiliser rates applied were 
about 80 kg/ha of N, 22 kg/ha of P2O5, and 22 kg/ha of K2O. These fall within the recommended 
ranges cited above (a little over in the case of N), suggesting that farmers’ nutrient management 
practices were adequate.  
Only 14 farmers reported using supplementary irrigation for their main rice field, mostly during the 
transplanting period, but the amount of fuel consumed was small. Hence almost nine tenths of total 
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cash related input costs was for the purchase of fertilizer. The total cash input costs averaged USD 
95/ha, with half the farmers spending between USD 42 and 128/ha. 
Table 4.8 shows the labour inputs for WS rice production, ranging from work on the seedbed to 
transporting the harvested grain to their homes after harvest. The total input averaged 132 labour-
days per ha, with half the farmers requiring between 110 and 162 labour-days per ha. The 
transplanting and harvesting activities required the largest labour input, almost half the total labour 
input.  
Table 4.8. Labour requirements for WS rice production in Trapeang Run (labour-days/ha),       
2011-2012 
Activities Mean Median q1 q3 Range 
     Min Max 
Seedbed activities 5 5 4 7 2 6 
Ploughing 11 11 8 13 5 23 
Harrowing 3 3 2 4 1 12 
Pulling seedlings 10 9 7 13 3 16 
Transplanting 32 36 37 37 14 32 
Fertilizing 1 1 0 1 1 2 
Manuring 6 4 2 5 1 19 
Weeding 14 11 6 21 2 34 
Harvesting 33 34 31 39 11 38 
Threshing 12 11 9 17 4 18 
Transport 5 5 4 7 2 7 
Total labour 132 130 110 162 45 206 
 
Though the duration of the cropping season was about 8 months, the labour profile shows that the 
input of worker-days was highly concentrated in the early and late phases of the cropping calendar 
(Figure 4.12). Seedbed activities and land preparation (ploughing and harrowing) are affected by 
irregular rainfall, stretching over 75 days and requiring a low labour concentration (0.27 labour-
days per day). Pulling and transplanting seedlings required 42 labour-days over a 2-month period 
and had the highest labour concentration (0.7 labour-days per day). Crop care, comprising fertilising, 
manuring and weeding over more than 2 months, also needed 20 labour-days. Because of the 
overlapping of land preparation, pulling and transplanting of seedlings, and crop care, the labour 
concentration over the two month period August and September reached nearly 1.0 labour-day per 
day. The combined activities of harvesting, threshing, and paddy rice transportation required the 
highest labour input (50 labour-days), spread over 75 days, giving a labour concentration of 0.66 
labour-days per day.  
During the peak periods of transplanting and harvesting, households engaged in labour exchange to 
complete the tasks in a timely and coordinated manner, with those with more land sometimes 
having to hire labour from within the village. As many as 43% of the survey households hired 
labour and 51% used labour exchange for the activities of pulling seedlings, transplanting, and 
harvesting. The farm households which hired labour had larger cultivated areas and higher total 
household incomes than the farm households dependent on family labour and labour exchange. 
Statistical analysis (t tests) provided only weak support for the relationship between land area and 
hiring labour (p=0.2) but stronger support for the relationship between total income and hiring 
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labour (p=0.08). The period between transplanting and harvesting required little labour, allowing 
family members to engage in other activities.  
 
Figure 4.12. Average labour chart for 1 ha of WS rice crop cultivation in Trapeang Run, 2012 
Table 4.9 presents an economic analysis of WS rice production activities in the form of an 
enterprise budget. The average WS rice yield was almost 2.2 t/ha, with half the households 
producing between 1.6 and 2.4 t/ha. Rainfall in Takeo Province in 2011 was just under 1,100 mm, 
slightly below average. The average yield reported by households surveyed was lower than the 
yield for the 2011-12 WS reported for Takeo Province (3.4 t/ha) and Cambodia as a whole (2.9 t/ha) 
in 2011-12 (MAFF, 2012). Srau Kraham and Ath Chhmors, the most popular rice varieties, 
provided lower yields than the average. Though high yield was one criterion for farmers’ selection 
of rice varieties, they were reluctant to adopt improved varieties on a broad scale because they had 
long grown the traditional varieties and were not convinced of a significant yield advantage from 
changing to the recommended varieties. As observed by White et al. (1997), rice cultivation without 
fertilizer application on the Prateah Lang soil type that prevails in the village area, produces very 
low yields of between 0.8 and 1.4 t/ha. Though, as analysed above, the application of fertilizer and 
manure met the overall recommended rates, the limited yield potential of the traditional rice 
varieties constrained the harvested yields to 2.2 t/ha. The average gross income was USD 590 per 
ha, which was the net output after deducting 4% of the yield for seedling use, multiplied by the 
reported farm-gate price of paddy of USD 0.28 per kg (Table 4.9). The farm-gate price reported by 
the farmers was that which applied soon after harvest, as some households needed to sell part of the 
harvest to meet urgent cash requirements; however, most of the paddy rice was mostly retained for 
family consumption. Nevertheless, the paddy price obtained by the survey farmers was quite 
constant throughout the year (USD 0.25 to 0.30 per kg), despite a rice shortage late in the wet 
season.  
Subtracting cash costs from gross income gave an average net return to household resources of land, 
labour, and capital (NRHR) of about USD 500/ha. This was the return to the total investment of 
family-owned resources. Dividing this by the input of family labour (132 labour-days/ha) gave an 
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average net return to labour (NRL) of USD 4 per day (compared with the rural wage rate at the time 
of USD 3). The NRL was generally consistent among the survey households, with 50% of 
households earning between USD 3 and 5. The NRL appeared to be a relevant indicator of the 
productivity of activity from the household’s perspective, because land in the village had no market 
or exchange value, hence no opportunity cost. 
Table 4.9. Unit costs and returns for WS rice production in Trapeang Run, 2011-2012 
  Unit Mean Median q1 q3 Range 
      Min Max 
Yield kg/ha 2,195 2,195 1,640 2,400 480 6,667 
Seed kg/ha 81 80 48 100 21 240 
Output kg/ha 2,114 2,114 1,530 2,325 456 6,586 
Farm gate price USD/kg 0.28 0.28 0.28 0.28 0.28 0.28 
Gross income USD/ha 592 592 428 651 128 1,844 
Input expenses USD/ha 90 75 48 123 15 328 
NRHR USD/ha 502 500 357 570 93 1,685 
Total household 
labour 
labour-
days/ha 132 130 111 161 46 206 
NRL USD/day 4.0 3.4 2.8 4.9 0.7 11.9 
 
As noted above, the majority of farm households cultivated less than 1 ha of WS rice. The 
overwhelming priority was to meet family consumption needs from this small area, except for a 
small proportion of output that was sold to pay for input costs and to meet essential family expenses. 
Because reserving seed for the next farming season was a high priority, the farm households 
selected the seed and dried it for longer than the grain meant for consumption. The seed was 
separately stored in plastic bags inside the house. The paddy for consumption and sale was normally 
stored in a small rice barn (chung ruk srau) inside or under the house, or as an annex to the house. 
Most paddy for family consumption was milled by a village miller who retained the rice bran 
instead of taking a cash fee. The sale of paddy was carried out under two circumstances – surplus 
production beyond the household’s anticipated consumption needs and in response to a desperate 
requirement for cash, despite expecting a rice shortage.  
Table 4.10 presents an analysis of the relative success in meeting consumption requirements, 
assuming a 5-member household and an average yield of 2.2 t/ha. The annual consumption of 
paddy rice per household was estimated to be 1,250 kg, based on a per capita consumption of milled 
rice of 0.41 kg/day or 150 kg/yr (MAFF, 1996; Helmer, 1997) and a milling percentage of 60% 
(Rickman et al., 1997). The net output, after deducting seed requirements, averaged 1,960 kg per 
household, implying a surplus of 710 kg that could generate a net cash return of USD 110.
4
 
However, the net output of paddy ranged widely from 254 kg to 6,340 kg, due to the wide variation 
in the size of land holdings, between 0.1 and 3.0 ha (Table 4.10). This implies a rice deficit for 
households with less than 0.6 ha, which was the case for over a quarter of households covered by 
the survey. Based on these assumptions, households ranged from having a shortage of almost 1,000 
kg to a surplus of 5,100 kg. At the first quartile (q1), farmers with 0.5 ha experienced a rice deficit 
and required a total of USD 120 to pay for production costs and to purchase rice to make up for the 
deficit. At the third quartile (q3), farmers with 1.2 ha had a cash surplus of USD 246. 
                                                 
4
 This ignores any post-harvest losses due to insects and other factors. The Ministry of Agriculture, Forestry and 
Fisheries considers the loss at harvest to be more significant, estimating a deduction of 13% , based on both seed 
retention and grain losses (MAFF, 2013).  
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Three major factors had an impact on the household’s rice status – yield, paddy area, and family 
size. Table 4.11 examines these variables for rice-deficit households (33) and rice-surplus 
households (46). The two types of rice-status were defined by deducting the paddy for family 
consumption (based on actual family size) from the total harvested paddy. The rice-deficit group 
had significantly (p=0.01) lower yield (1.9 t/ha compared with an average of 2.4 t/ha for rice 
surplus households), a significantly (p=0.00) smaller paddy area (0.6 ha compared with 1.1 ha), and 
significantly (p=0.07) more family members (5.8 compared with 5.0). 
This analysis was based on the WS crop only, which was the main source of subsistence (the only 
source of rice for 54% of households). But, as mentioned above, a little over half the households 
also cultivated another rice crop in the early wet season (EWS). An analysis of rice status taking 
account of both WS and EWS crops is presented below, following the analysis of EWS rice 
production. 
Table 4.10. Estimated surplus/deficit and net cash flow from WS rice crop in Trapeang Run 
  Unit Mean Median q1 q3 Range 
      Min Max 
Cultivated area ha 0.9 0.8 0.5 1.2 0.1 3.0 
Output kg 1,960 1,586 978 2,537 254 6,342 
Consumption
a
 kg 1,250 1,250 1,250 1,250 1,250 1,250 
Surplus kg 710 336 (272) 1,287 (996) 5,092 
Gross cash income USD 199 94 (76) 360 (279) 1,426 
Cash costs USD 88 71 44 114 11 285 
Net cash flow USD 111 23 (120) 246 (290) 1,141 
a 
Assuming five household members. 
Table 4.11. Comparison of rice-deficit and rice-surplus households in Trapeang Run 
  Mean Median q1 q3 Range 
     Min Max 
Rice-deficit households (n=33) 
Yield (kg/ha) 1,899 2,195 1,440 2,400 480 3,000 
Paddy area (ha) 0.6 0.5 0.3 0.7 0.1 2.0 
Household size 5.8 6.0 4.0 7.0 2.0 10.0 
 Rice-surplus households (n=46) 
Yield (kg/ha) 2,407 2,235 1,800 2,538 625 6,667 
Paddy area (ha) 1.1 1.0 0.5 1.5 0.2 3.0 
Household size 5.0 5.0 4.0 6.0 1.0 9.0 
 
4.4.2 Economics of EWS rice production, 2011 
Though there was no reliable water source for on-farm irrigation, 57% of the survey households 
cultivated another rice crop in the early wet season of 2011, using a portion of their paddy lands. 
The average cultivated area was only 0.15 ha, but ranged from 0.03 ha to 0.40 ha. Most plots were 
around the average size (0.1-0.2 ha) (Figure 4.13). Farmers normally selected a parcel of land for 
their EWS crop adjacent to their residential area where, as described above, small multi-purpose 
ponds had been excavated, and this limited water source can occasionally save the crop during 
extended periods without rain. A minority (11%) of the EWS rice growers commenced planting an 
additional EWS crop as early as the 1980s, but most commenced the practice in the past decade, 
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encouraged by the availability of short-duration, photoperiod-insensitive IR rice varieties suited to 
cultivation in the early wet season. Of the varieties used by respondents, two were Cambodian 
recommended varieties (IR66 and Senpidao) and at least one (IR504) was from Vietnam, 
introduced by Vietnamese rice traders.  
As with WS rice, the EWS crop is transplanted rather than direct-seeded. The practice of 
transplanting requires the preparation of a seedling nursery as soon as early rains have soaked the 
dry, hard soil surface. Nursery seedbed preparation involves 2 to 3 ploughings followed by the same 
number of harrowings. The period of land preparation stretches from April to June and is depended 
on the chance of rainfall. The work is also done gradually, depending on the condition of fields in 
different parts of the toposequence. The majority of seedbeds (90%) were fertilised with cattle 
manure before the seed was broadcast, and some plots (30%) were supplied with mineral fertilizers. 
Because of the prevalence of dry soil, 70% of the nursery plots were watered at seeding time, with 
some being watered a second time. Only one or two family workers were needed for all the nursery 
activities.  
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Figure 4.13. Distribution of the area (ha) of EWS rice in Trapeang Run 
A similar pattern of ploughing and harrowing is applied to the preparation of the main field before 
transplanting; the latest tillage being carried out at the end of June to avoid disrupting the WS rice 
calendar. In the 2011 EWS, every field received a basal dressing of farmyard manure before the 
first ploughing, or at least before the final ploughing, but the condition of the ploughed land often 
disrupted the access by cattle manure carts. As in the WS, 90% of the transplanted plots were 
supplied with mineral fertilizers after transplanting, and again after the tillering stage, the main 
fertilizers being used being  urea, di-ammonium phosphate (DAP) and compound (NPK) fertiliser, 
with more than half the growers making 2 or 3 applications.  In spite of transplanting the crop in 
June, when there was a better chance of rainfall (see Figure 3.3 in Chapter 3), around 29 of the 45 
EWS households reported applying 1-3 supplementary irrigations, mostly during transplanting .
5
 
                                                 
5
 The practice of direct seeding with dry seed can minimize the irrigation requirement for both the nursery and the main 
field. However, the villagers did not practice direct seeding and had never tried it. 
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The lack of standing water in the field favoured weed infestation; 40 households reported 1-3 
rounds of manual weeding despite the short duration of the crop. Eight households reported 
applying herbicides and/or pesticides.  
Material inputs for EWS rice cultivation were divided into farm household resources, including 
seed and farmyard manure, and purchased inputs, namely, mineral fertilizers and fuel for irrigation 
(Table 4.12). Farmers used their own retained seed. The average seeding rate was 114 kg/ha, more 
than for the WS crop, and accounting for about 4% of grain yield. The short duration of the EWS 
rice crop, which limits the number of tillers per plant, requires a narrow spacing to increase the two 
main yield components – the number of plants per hill and the number of hills per unit area. 
Farmyard manure was applied by 82% of EWS farmers. The average quantity applied was nearly 7 
t/ha, with half the farmers applying between 3 and 9 t/ha. Mineral fertilizers were used by 87% of 
farm households, averaging 150 kg/ha in two applications (slightly more than for the WS crop). The 
farmers may not have known of the higher yield response of the modern varieties, or they may have 
faced a capital constraint to adding additional nutrients to these varieties. Because the EWS rice was 
also a subsistence crop for the village, the farmers commonly minimised direct cash expenses for 
the EWS crop, as with the WS crop. Agrochemical use was reported by only a few farmers. The 
remaining cash costs were for fuel, with an average of 34 L/ha for between 1 and 4 irrigations 
applied by 64% of households. The total cash expenses averaged USD 140/ha, with half the farmers 
investing between USD 80 and 210 per ha; two thirds of this was for the purchase of fertilizer. This 
cash outlay for EWS crops was higher on a per-hectare basis than for the WS crop, reflecting the 
higher rate of fertiliser use and the greater use of fuel for the EWS crops. 
Table 4.12. Material inputs for EWS rice production in Trapeang Run, 2011 
  Unit Mean Median q1 q3 Range 
      Min Max 
Seed kg/ha 114 100 80 150 40 208 
Fertilizer kg/ha 151 125 66 174 8 667 
Fuel l/ha 34 35 15 49 5 67 
Cattle manure kg/ha 6,860 5,250 3,280 9,020 80 18,000 
 
With little mechanisation (there were only four power tillers in the village), farmers relied on family 
labour, draught animal power and conventional farming tools, for all activities. The average labour 
requirement for the whole operation of EWS rice cultivation was 153 labour-days/ha, with half the 
growers employing between 107 and 190 labour-days/ha (Table 4.13). Again, pulling seedlings and 
transplanting (53 labour-days), and harvesting, threshing, and transporting (51 labour-days), were 
the most intensive labour requirements, each accounting for just over a third of the total labour 
input. In each case there was time pressure to complete the task in order not to encroach on the main 
WS crop. Labour requirements for each activity were comparable with those for WS rice but the 
pulling of young fragile seedlings under dry soil conditions needed to be handled with greater care, 
increasing the total labour requirement for EWS rice by 16% over that for the WS crop. 
The labour chart for the EWS rice activities over the four-month cropping period is presented in 
Figure 4.14. Land preparation (ploughing and harrowing) together with seedbed related work, 
needed 20 labour-days for one month, resulting in a low labour concentration (0.66 labour-days per 
day). Seedling pulling and transplanting required the highest labour input (53 labour-days) to be 
completed within 30 days, and so had the highest labour concentration (2.2 labour-days per day). 
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Crop tending (fertilizing, manuring, watering, and weeding) needed 29 labour-days but was spread 
over 45 days, reducing the labour concentration to 0.64 labour-days per day). Harvesting and post-
harvest activities required a large labour input (51 labour-days) but was extended over 6 weeks, 
averaging 1.13 labour-days per day. When scaled down to the average cropped area (0.15 ha), the 
peak labour concentration was only 0.3 labour-days per day, a level easily managed by a single 
family worker. 
Table 4.13. Labour requirements for EWS rice in Trapeang Run (labour-days/ha), 2011 
Activities Mean Median q1 q3 Range 
  
   Min Max 
Seedbed 7 9 5 9 3 10 
Ploughing 10 10 6 12 7 22 
Harrowing 3 3 1 4 1 7 
Pulling 21 24 14 29 6 30 
Transplanting 32 40 30 36 10 37 
Fertilizing 1 1 1 1 0 3 
Manuring 6 5 3 7 2 14 
Watering 6 6 3 8 3 10 
Weeding 16 11 7 22 3 39 
Harvesting 33 40 28 36 22 42 
Threshing 13 14 9 16 6 22 
Transport 5 4 3 9 2 11 
Total labour 153 166 108 190 65 247 
 
 
Figure 4.14. Average labour input chart for 1 ha of EWS rice in Trapeang Run, 2011 
An economic analysis of EWS rice production is presented in Table 4.14. The mean yield of EWS 
rice was 2.6 t/ha, with 50% of farmers harvesting between 1.7 and 3.0 t/ha. The mean yield of EWS 
rice was 18% higher than the mean yield for WS rice, reflecting the use of modern varieties and 
somewhat higher fertiliser rates for EWS rice. However, the yield of EWS rice was considerably 
below that of the dry season (DS) rice crop at the provincial level (4.6 t/ha) and national level (4.2 
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t/ha) (MAFF, 2011), but DS rice is commonly cultivated on fertile soils because of the annual silt 
deposit due to flooding in the WS, and is fully irrigated (Chapters 2 and 5).
6
 The gross income per 
ha averaged USD 600, obtained after  subtracting 4% of the yield for seed and multiplying the yield 
with an  average farm gate price of USD 0.25/kg, which was the consistent market price over the 
period between harvest and interview time. Deducting the cash costs, the NRHR averaged USD 
490/ha, with half the farmers making between USD 375 and 515/ha. The NRHR per ha divided by 
the high labour input (153 labour-days/ha) gave a NRL of USD 3.5 per day, somewhat lower than 
for WS rice. However, given the small area involved, the actual labour input averaged only 29 
labour-days per household spread over 4 months.  
Table 4.14. Unit costs and returns of EWS rice production in Trapeang Run, 2011 
 
Unit Mean Median q1 q3 Range 
      Min Max 
Yield kg/ha 2,612 2,612 2,147 2,670 600 5,867 
Seed kg/ha 114 114 83 133 40 208 
Net output
a
 kg/ha 2,507 2,486 2,083 2,613 450 5,733 
Farm gate price USD/kg 0.24 0.24 0.24 0.24 0.24 0.24 
Gross income USD/ha 602 597 500 627 108 1,376 
Input costs USD/ha 123 112 106 122 17 517 
NRHR USD/ha 490 476 375 515 99 1,290 
Total labour labour-days/ha 153 166 108 190 65 247 
NRL USD/day 3.5 2.9 2.2 4.6 0.7 9.3 
a 
Net of seed retained. 
It is likely, therefore, that the main motivation for this small-scale, low-return activity was to shore 
up the household’s food security, rather than provide a major source of cash income. The average 
cultivated area (0.15 ha) produced an additional output of 370 kg of paddy, with half the EWS rice 
growers adding between 250 and 490 kg to their annual supply (Table 4.15). The average NRHR 
was USD 73 per household. If considering WS rice production alone, 32 families would have 
experienced a rice shortage (Table 4.11 above). For some of these households, the additional output 
from EWS rice cultivation made up for the rice deficit of a single WS rice crop. 
Table 4.15. Actual costs and returns per household for EWS rice in Trapeang Run, 2011 
  Unit Mean Median q1 q3 Range 
      Min Max 
Cultivated area ha 0.15 0.15 0.10 0.20 0.03 0.40 
Net output kg 376 376 251 501 80 1,003 
Gross income USD 94 94 63 125 20 251 
Cash costs USD 21 21 14 28 4 56 
Labour input labour-days 29 29 19 38 6 76 
NRHR USD 73 73 49 97 16 195 
 
An analysis of the combined output from the EWS and WS rice crops is presented in Table 4.16. 
The average total cultivated area per household increased to 1.1 ha (up from 0.9 ha for the WS only), 
with half the households cultivating between 0.6 and 1.4 ha. Again assuming a constant 
consumption requirement, the mean rice surplus increased from 0.7 t per household to just above 
1.2 t, with 50% of the survey households achieving a rice surplus of between 150 and 1,840 kg. 
                                                 
6
 The small area of EWS rice is classified under the WS rice crop in national statistics of cultivated area and yield. 
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Assuming that the surplus paddy was all sold, the mean net cash flow was USD 215 but the small 
surplus at q1 was inadequate to cover the cash expenses, leaving the farmer with a cash deficit of 
USD 29. However, the overall improvement in rice supply and net cash flow did not necessarily 
have a direct impact on every rice-deficit household. The small additional area of EWS rice was not 
able to offset the large deficit experienced by households with very small landholdings. Table 4.17 
shows the impact of double-cropping on the 32 households identified as rice-deficit households 
following the WS crop. The mean rice shortage per household was 460 kg, with a range from 50 to 
1,400 kg. Of the 45 households cultivating EWS rice, only 16 were classed as rice-deficit 
households based on WS production. Only 7 of these, who experienced a smaller than average 
shortage (460kg), were able to wipe out the deficit with their EWS crop and become self-sufficient. 
Thus, by taking account of the EWS rice supply, the number of rice-deficit households dropped 
from 32 to 25, and the mean deficit of the 32 households dropped from 460 to 260 kg.  
Table 4.16. Estimated surplus/deficit and net cash flow from combined WS and EWS rice 
production in Trapeang Run 
  Unit Mean Median q1 q3 Range 
      Min Max 
Cultivated area ha 1.08 0.90 0.61 1.35 0.27 3.15 
Output kg 2,463 2,061 1,403 3,092 618 7,214 
Labour input days 174 146 99 219 44 510 
Consumption
a
 kg 1,250 1,250 1,250 1,250 1,250 1,250 
Surplus kg 1,213 811 153 1,842 (632) 5,964 
Gross cash 
income USD 340 227 43 516 (177) 1,670 
Cash costs USD 126 105 72 158 32 369 
Net cash flow USD 214 122 (29) 358 (208) 1,301 
a 
Net of seed retained. 
Table 4.17. Impact of EWS rice cultivation on rice-deficit households in Trapeang Run 
 
Rice deficit  
after WS
1
  
(n=32) 
EWS rice  
output  
(n=16) 
EWS rice  
area 
(n=16) 
Rice deficit with 
EWS rice
2
  
(n=32) 
Unit kg  kg ha Kg 
Mean (461) 406 0.14 (258) 
Median (363) 360 0.14 (290) 
q1 (562) 234 0.10 (456) 
q3 (243) 571 0.18 (48) 
Min (1,394) 110 0.03 (1,394) 
Max (50) 800 0.30 675 
1
WS rice supply only. 
2
WS and EWS rice supply. 
4.4.3 Cultivation of DS non-rice crops, 2012 
Even though Trapeang Run Village is located in a rainfed lowland environment, depending almost 
entirely on annual precipitation for farming, around 44% of the interviewed households managed to 
cultivate non-rice crops on a small scale in the DS, including cucumber, pumpkin, water melon, 
water spinach, mungbean, waxy corn, string bean, and several spinach species (Figure 4.15). These 
crops were grown between late December and July for both household consumption and sale. They 
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were grown on both paddy land and upland plots which were favourable for the cultivation of WS 
non-rice crops. This was a fairly recent activity in the village – most non-rice crop growers (17 
households) had adopted the practice in the past 1 to 5 years, though a small number had been 
practising DS cropping for more than a decade (Figure 4.16). The non-rice crops with the longest 
history of cultivation included pumpkin and watermelon, followed by convolvulus and cucumber.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.15. Small plots of convolvulus and watermelon cultivated on paddy land                           
in the dry season in Trapeang Run, February 2012 
Limited irrigation resources during the dry season restricted those farmers practising DS cropping 
to an average of only 0.13 ha of non-rice crops on either the paddy field or non-flooded lands next 
to the residence – around 10% of the total land holding. The range was from 20 square metres to 0.3 
ha, but half the households cultivated between 0.04 and 0.20 ha. Non-rice crops were mostly 
cultivated in upland areas because 21 of the 35 households who grew DS crops had on average 0.1 
ha of upland located in a residential area next to a pond which could be used to irrigate the small 
area involved. The area cultivated was influenced by the irrigation capacity (pond size) and the 
water requirements of the crop. Larger areas within paddy fields were used for crops such as 
watermelon, pumpkin, and mungbean, requiring less irrigation, but cucumber, convolvulus, and 
other vegetables requiring daily watering were cultivated on small upland plots.  
Land preparation for the EWS crop usually started in January or, in some cases, late December, as 
the fields were often still in a muddy condition after harvesting the WS rice crop. The land was 
ploughed from 1 to 3 times over one or two weeks. A single round of harrowing was practised by 
most farmers, although some harrowed 2 or 3 times. Most crops were cultivated in flat beds, with 
shallow furrows created across the fields to drain excessive water as a result of unexpected rainfall. 
Flat beds rather than raised beds were used so the crops could effectively utilise the limited soil 
moisture, because of the small capacity of the ponds. All land preparation activities were carried out 
using draught animal power and family labour. 
 79 
 
Figure 4.16. Number of years since adoption of dry-season non-rice crops in Trapeang Run 
Table 4.18 presents all the labour activities and labour requirements for non-rice crop cultivation on 
the average area of 0.13 ha, over a 4-month cropping season. Despite a range of different crops, the 
labour inputs were generally uniform from land preparation through to harvesting, except for the 
number of waterings. The average total labour requirement was 28 labour-days, with half the 
households requiring between 13 and 43 labour-days. Watering required the largest labour input (21 
labour-days) for the whole crop cycle, based on daily irrigations each of which used a quarter of a 
labour-day (2 hours). However, only 54% of households reported regular watering of their crops, 
because watermelon, pumpkin, and mungbean required minimal watering, mainly from planting to 
crop establishment. One round of weeding was carried out, requiring only one third of a labour-day, 
because DS crops experienced less weed infestation. Harvesting extended over a week or more, 
depending on the crops, but only a small labour input was required.  
Table 4.18. Labour requirements (labour days) for non-rice crop cultivation in Trapeang Run   
based on a cultivated area of 0.13 ha, 2012 
Activities Mean Median q1 q3 Range 
           Min Max  
Ploughing 1.0 1.0 0.4 1.3 0.1 4.0 
Harrowing 0.4 0.3 0.1 0.4 0.1 1.5 
Bed raising 1.2 0.4 0.2 2.1 0.04 4.5 
Planting 2.3 2.0 0.5 3.0 0.1 6.0 
Fertilizing 0.2 0.1 0.1 0.3 0.0 0.5 
Watering 21.3 11.3 11.3 33.8 2.3 56.3 
Weeding 0.3 0.4 0.3 0.4 0.1 0.8 
Harvesting 0.8 0.4 0.1 1.0 0.02 3.8 
Total labour 28 16 13 43 3 78 
 
Figure 4.17 presents the labour chart for all activities in the four-month DS cropping period, based 
on the average cultivated area of 0.13 ha. Land preparation (ploughing, harrowing and bed forming) 
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required 2.7 labour-days over a 2-week period, averaging 0.2 labour-days per day. Planting and 
fertilizer application required a similar total labour input (2.5 labour-days) but at a higher labour 
concentration (0.35 labour-days per day). Watering and weeding had the highest total labour input 
(21 labour-days) but was spread fairly evenly over 3 months, giving a labour concentration of only 
0.25 labour-days per day. Harvesting required the lowest labour input (0.8 labour-day) and also had 
the lowest labour concentration (0.10 labour-day per day). The peak labour concentration was thus 
less than half a labour-day, enabling households to use only one family worker part-time for the 
whole dry season.  
 
Figure 4.17. Average labour chart for 0.13 ha of DS non-rice crop cultivation                                  
in Trapeang Run, 2012    
As well as a small, regular labour input, DS non-rice crop cultivation requires a relatively small 
investment of cash for material inputs. Most growers purchased seed because the seeds of many 
crops could not be kept from one planting season to the next, without a significant decline in 
viability. Farmyard manure was applied during land preparation but many farmers supplemented 
this with mineral fertilizers. Most farm households saved on fuel costs for irrigation by carrying out 
manual watering, even though most crops required two irrigations per day. Pumping costs were 
only incurred for a small number of larger plots that required only a few irrigations after sowing, to 
ensure emergence and crop establishment. Only 6 households reported pesticide application. The 
average total expenditure for seed, fertilizers, pesticides and fuel, for the mean cultivated area of 
0.13 ha, was USD 13, ranging between USD 3 and 35 (Table 4.19).  
Non-rice crops cultivated in the dry season were usually harvested in April, when the on-farm 
irrigation source was fully depleted. Some farmers did not want to use all their pond water for 
cropping because this source was also necessary for cattle. Furthermore, some crops were 
susceptible to waterlogging as a result of early rain, possibly from mid-April. Farmers also needed 
to use the same plots of paddy land (those close to water sources) for EWS rice cultivation, which 
started soon after the earliest rain was received. Thus, the earlier commencement of DS crops 
minimised the risk of water shortage and waterlogging due to early rain, as well being favourable 
for the next EWS cropping.  
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Table 4.19. Cash costs and returns per household for DS cultivation in Trapeang Run (USD),    
2012 
Item Mean Median q1 q3 Range 
     Min Max 
Seed (n=20) 4 2 1 4 1 13 
Fertilizer (n=17) 3 2 1 4 1 7 
Pesticides (n=6) 4 3 1 4 1 11 
Fuel (n=6) 2 1 1 2 1 5 
Gross income (n=9) 59 37 27 86 16 163 
 
Since one of the district markets, Ang Tasom, was only few kilometres from the village, the farmers 
were able to carry their relatively small harvests to the market by bicycle or motorbike. Those who 
owned no means of transport could sell their crops in the village to collectors who on-sold the small 
amounts of produce in the market or to neighbouring households that did not grow these crops. 
Large harvests of watermelon were sold to traders who collected the crop from the field. The gross 
cash income for the 9 households that marketed their crops averaged USD 60 (Table 4.19). Most 
households used their DS crops for home consumption with negligible sales, because of the small 
area they cultivated. The upper end of the gross cash income range (USD 163) was much higher 
than for most households. The higher income was achieved by a couple of households that 
cultivated watermelon on their paddy land, which involved a high risk of crop loss because the 
watermelon was cultivated without irrigation.  
4.5 Cattle Raising 
4.5.1 Cattle ownership 
The cattle commonly raised in Cambodia are local cattle (gor srok), which are small, yellow, early-
maturing cattle believed to be of Bos indicus origin, with an estimated mature weight of between 
250 and 350 kg (Maclean, 1998; Sath et al., 2008). The small size and early maturity of the cattle 
enables them to adapt to the limited feed supply in the rainfed lowlands. In addition, Bos indicus 
cattle of the white Haryana breed were introduced from the 1950s, and the Haryana x local cross is 
now widespread. These are tall, narrow-shouldered animals that are well-suited to draught purposes, 
though they require more feed than the local breed (Figure 4.18). They are later-maturing animals 
with a mature body weight of between 400 and 500 kg under reasonable nutrition (Maclean, 1998).  
Lowland farmers in Cambodia rear cattle for their intermediate outputs – draught animal power and 
farmyard manure – and for long term wealth accumulation from calving. Bulls are commonly used 
for farming operations and transportation, while the cows are kept for reproduction. However, poor 
farm households who are unable to afford both a bull and a cow need to use cows for farming 
operations, despite them being less productive, as cows cost less than bulls and also provide calves. 
For local cattle of the same range of ages (4-10 years) and body condition scores (skinny to fat), 
market prices for cows ranged from USD 250 to 570 in 2011 and for bulls, from USD 300 to 670 
(O’Connell et al., 2013).  
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Figure 4.18. A cow and calf within a houseyard in Trapeang Run in the middle                                
of the dry season, March, 2012 
The total village cattle herd in Trapeang Run Village in 2011 was 270 head, owned by 135 
households, accounting for 86% of the total households in the village, and indicating a stocking rate 
of 2.4 cattle per ha (Village Statistics, 2011). Of the households surveyed, 91% reared cattle (Table 
4.20). The mean number of cattle kept was 2.7 head, with half the households rearing between 2 
and 4 animals. The survey figures indicate that cows were predominant, with a ratio of 
cows:bulls:calves of 4.72:1.00:2.56. Cows were owned by 84% of households, bulls by only 20% (8 
of these respondents had a pair of bulls), and calves by 58% of households. Bull owners were 
generally those in a better financial position. Thus 11 of the 16 bull owners, including the 8 who 
owned a pair of bulls, owned more than 1 ha of farming land. The value of cattle averaged over all 
the households surveyed was around USD 1,150, making this one of the most valuable assets held. 
The most common (median) pattern of cattle rearing was a pair of cows and one calf (Table 4.20). 
As noted above, cows, which were the source of wealth accumulation through calving, were not 
preferred for draught purposes, because this affected their reproductive capability and they lacked 
the strength for draught power. However, both the survey and village data showed that there were 
few bulls and power tillers, hence farmers were forced to use cows for farming operations. The ratio 
of calves to cows is indicative of a long inter-calving interval. 
Traditionally in Khmer communities, farmers acquire their cattle from various sources – inheritance 
from parents, calving, purchasing, and keeping cows on a share basis. The majority of survey 
households obtained their first cattle through inheritance from their parents after setting up as 
independent families. They then added to that initial stock through calving. Twenty seven 
households (37%) had purchased cows between 1979 and 2012, with most purchases being made 
after 2000; only 3 households had recently purchased bulls. 
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Table 4.20. Numbers and value of cattle owned in Trapeang Run, by category, 2012 
  Unit Cattle Cows Bulls Calves 
Household % 89 84 20 58 
      
Mean No. head 2.6 1.5 0.3 0.8 
  USD 1,150 642 190 239 
Median No. head 3 2 0 1 
  USD 1,323 860 0 295 
q1 No. head 2 1 0 0 
  USD 882 430 0 0 
q3 No. head 4 2 0 1 
  USD 1,764 860 0 295 
Range No. head 0-5 0-3 0-3 0-3 
  USD 0-2,205 0-1,290 0-1,800 0-885 
 
Cattle-keeping on a share basis was not commonly practised; only six survey households adopted 
the practice and the earliest reported instance of this was in 2008. Five cases of shared cattle 
keeping involved a cow and one case involved a bull. Four of the six cattle keepers owned at least 
one cow themselves. The relationship between cattle owner and keeper was generally close, such as 
relatives, good friends, or close neighbours, hence there was no formal contract, just a practical 
mutual agreement. The main purpose of the arrangement for the keepers was to provide a calf, 
draught power, and farmyard manure. The cattle owners also wanted to benefit from a calf but 
lacked the labour to care for their cattle. In addition, the cattle owners in many cases were willing to 
support their relatives, friends, or neighbours who lacked cattle; it was more common for the 
keepers to approach the cattle owners than the other way around. The willingness of cattle owners 
to enter into a new agreement depended on the keepers’ history.   
The common rule of sharing the benefits was for the first calf to go to the keeper and the second 
calf to the owner, this arrangement continuing throughout the whole contract term. There was no 
specific contract term but the arrangement can end any time after two successful calvings. In the 
survey village, most cattle keepers indicated that the shared cattle were useful for draught and 
farmyard manure, though the cattle owners preferred to restrict the use of the cattle for farming 
operations. There was no specific condition to compensate the keeper if the cow failed to produce a 
calf, because the keeper already gained benefits from draught power and farmyard manure. The 
owner could replace an unproductive cow if both parties agreed. Regarding the loss of cattle, 
responsibility remained unclear because it had not happened to the respondents, though 4 of the 6 
keepers considered that they should shoulder the responsibility. 
4.5.2 Cattle management 
Allowing cattle to freely graze on the paddy fields in the dry season used to be the common practice 
across the rainfed lowland environment. However, this was no longer the practice in the village, 
even though there was very little cultivation of dry season crops, nor any restrictive village 
regulation. Cattle safety and the saving of farmyard manure were the reasons given by cattle raisers 
for not releasing their cattle for grazing. With restricted feed resources in both the wet and dry 
seasons, cattle farmers had to exploit all possibilities to supply their cattle with adequate feed, 
despite rearing only 2-3 cattle. Native grasses and rice straw were provided in four ways – tethered 
grazing in the paddy fields, feeding rice straw in the houseyard, collecting and feeding grass, and 
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purchasing grass. Tethered grazing on surrounding paddy lands required no permanent labour and 
was practised by every cattle-owning household for the entire dry season through the early wet 
season (9 months). Rice straw from the WS and EWS rice crops was collected and stacked in the 
houseyard and was usually sufficient to supply the cattle for the whole year. Understanding the 
necessity for green feed to supplement the rice straw, farmers collected native grasses over a six-
month period during the wet season. As the entire landscape of the village and surroundings turned 
brown in the middle of the dry season (February-April), some cattle owners (30%) purchased green 
fodder sold in the Ang Tasom Market, 3 km from the village.  
Figure 4.19 shows the incidence of feed sources and grazing activities over the year. Tethering the 
cattle to graze rice stubble and native grasses within the paddy field was carried out from December, 
after harvesting the WS rice crop, until possibly the next September, when the paddy field was 
again completely transplanted. When the grazing areas were gradually being reduced in size as 
paddy lands were progressively being ploughed and transplanted from June, all cattle owners 
allocated one of their family members to carry out the task of collecting grass from within the 
village or other locations to supply the cattle. This occurred until December when the grazing area 
returned to normal. Nearly a third of the cattle farmers purchased grass to supply their cattle during 
the dry season from February to April because it was hard to find green feed for their animals at this 
time. The entire village landscape was dry and brown from March, with a little green feed appearing 
in early May with the first rains.  
As well as tether-grazing, grass collection,  and buying feed, all cattle farmers had a supply of rice 
straw from the WS and EWS crops year round, because they considered other feed supplies could 
not meet the animals’ energy requirements. The cattle were fed with rice straw at midday and again 
in the evening after they were brought back to the cattle shed in the houseyard. The interviewed 
farm households (like most Cambodian farmers) paid no attention to the quantity of rice straw 
collected annually. Farmers typically constructed a stack of rice straw from the WS harvest in the 
houseyard with a width of about 2 m, a length of 4 m long and a height of 2 m (Figure 4.20). The 
WS rice crop was manually harvested with sickles and tied into bundles for the purposes of 
transport, manual threshing, and stacking; a bundle included 2 or 3 handfuls of rice plants. An 
average supply of rice straw for one cow or bull was about 14 bundles per day during the period 
when the area for tethered grazing was most restricted (June and October). 
 
Figure 4.19. Calendar of cattle feeding systems in Trapeang Run 
Family labour was required for any feeding activity. With tethering, at least one person was 
required to take the cattle to and from the field and move them around to graze new areas, and to 
access water. Grass collection is more intensive work, ranging from one hour to half a day of labour, 
depending on the availability of grass and the distance of the location. Labour was also required for 
feeding the cattle with rice straw and purchased grass, though less than for the first two activities. 
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Most cattle keeping required no cash expenses for feed supply, except for the small number of cattle 
owners who purchased green feed in the market in the dry season. The cattle keepers also spent 
almost nothing on vaccinations, because there was a national program of vaccination against  severe 
diseases such as foot and mouth disease (FMD), carried out by the Department of Animal Health 
and Production (DAHP) of the Ministry of Agriculture, Forestry and Fisheries (MAFF). However, 
the treatment of FMD, reported by 13 cattle keepers, was potentially costly, averaging USD 18 and 
ranging up to USD 75 per household, because the treatment was a private service provided by local 
veterinary agents. The data indicates that the number of cattle contracting FMD was high, despite 
vaccination, because around 21% of vaccinated cattle experienced FMD. Further, none of the cattle 
that were not vaccinated were reported to have suffered from FMD.   
 
Figure 4.20. A stack of rice straw in a houseyard for feeding cattle in Trapeang Run.                  
Note arrangement of bundles to shed rain and keep the straw inside the stack dry.  
4.5.3 Cattle productivity 
In return for the investment of family labour and a small annual cash input, cattle keepers had the 
immediate benefit of draught power for land preparation and transportation, and the provision of 
farmyard manure. All cattle owners reported that all their farming land was ploughed by their own 
pairs of cattle, even though most farmers raised only cows. The mean area ploughed was 2.0 ha per 
year, ranging between 0.1 and 3.0 ha. The slowness of the land preparation process did not interrupt 
farming activities, because land preparation for WS rice cultivation was carried out gradually in 
association with the irregular rainfall pattern between June and August. Land preparation for EWS 
rice crops only involved small areas. Even with draught bull power, land preparation was 
commonly restricted to 3-4 hours in the early morning to protect the animals from being exhausted 
by working in high temperatures.  
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The cattle were also used in pairs to pull a traditional 2-wheel wooden cart to carry farmyard 
manure from the houseyard to the paddy field, before the land preparation period. A cartload of 
farmyard manure usually weighs between 200 and 300 kg. Also, the cattle were used to pull the cart 
loaded with paddy rice from the fields to the farmer’s home, as well as the rice straw. Sometimes 
this cart was used to haul paddy to the rice miller and to local markets. Thus a considerable number 
of transport services were provided by cattle, in addition to land preparation. 
Every cattle owner interviewed maintained that cattle provided valuable farmyard manure and that 
this was one of the main reasons for raising cattle. An average cattle-owning household possessing 
3 animals was able to collect 6.5 tonnes (2.2 tonnes/head) of farmyard manure over a 12-month 
period, with half the cattle households accumulating between 3 and 9 tonnes. A pit of around 2 
cubic metres was dug in the houseyard next to the cattle shelter to store cattle manure. Household 
members cleaned out the cattle shelter in the morning and collected the cattle manure to place into 
the pit. Chicken waste, green waste materials, and rotten rice straw, were also piled into the manure 
pit. The accumulated farmyard manure was transported to the paddy field just before land 
preparation, to be incorporated into the soil to protect the organic material from the intense sun. The 
farmers were aware of the inferior quality of farmyard manure that is left to dry out. The farmers 
also considered that farmyard manure to be able to improve soil fertility and ameliorate poor soil 
conditions, but they also believe that mineral or chemical fertilizers (chi kimi) can have an adverse 
impact on soil physical properties and organic materials.  
Farmers regarded a calf as being better than a good rice harvest, because of the future  potential of 
the calf to provide a source of draught power and, in the case of a female, as a breeding animal, 
both of which were regarded as having considerable monetary value. This was seen as the most 
anticipated benefit of rearing a cow. However, the mean reported calving interval was as long as 30 
months, with half the cattle owners expecting a calf within 18 and 36 months. The cows were mated 
naturally when they were seen to be in heat; this took priority over farming operations because of 
the importance of getting a cow in-calf. Most cow owners needed to make an arrangement with a 
bull owner for mating, because only a minority (6 cattle farmers) owned both bulls and cows and 
the cattle were no longer allowed to freely graze. However, there was no mating fee involved for 
the use of local-breed bulls within the village; a mating fee for a superior breed or Haryana crossed-
breed, as practised in other villages, was not reported by the interviewed cattle owners in Trapeang 
Run Village. The mating fee for hiring a good bull has been reported to ranges  from USD 2 to 15 
per service (Maclean, 1998) and USD 4 to 6.5 (Sath et al., 2008). Cows were most likely to be in a 
condition to show oestrus and conceive during the period from December to February, when the 
climate was favourable (lower temperatures and less rainfall), feed supply was more abundant, and 
when there was a break from the exertions of providing draught power, and cows were grazing the 
paddy fields, as a result, calving usually occurs between September and November, when green 
feed is in good supply.    
Cattle owners generally considered a 3.5-year-old animal as an adult that could be used for farming 
operations. A need for draught power and less consideration for animal health leads some farmers to 
use cattle for draught power from as young as 1.5 years, but others who have an alternative source 
of draught power and better knowledge of cattle health did not use their animals until 4 years of age. 
The cattle were used for farming operations for 12 years on average, with half the cattle farmers 
reporting the use of their cattle for between 9 and 15 years. Cattle were typically sold after this 
maximum age.  
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There were only a few cattle farmers who could estimate the mature liveweights of their animals, 
because most farmers paid little attention to cattle weight. Their estimates fell within a range of 150 
to 300 kg. Their assessment was that tall animals with large frames had a high market value, as well 
as cross-bred animals. None of current cattle traders surveyed in Cambodia weigh the purchased 
animals but rely on general appearance and body condition to determine cattle prices (O’Connell et 
at., 2013). Most farmers agreed that liveweight increased in the wet season due to better quality 
(green) feed. Hence the limited grazing area in the wet season was seen to have no adverse impact 
on cattle rearing, though it would be a constraint if farm households were to keep a large herd. Old 
cattle whose energy and reproductive performance were in decline were sold and replaced with 
young cattle from the farmer’s own stock, to maintain the herd’s capacity for draught power and 
reproduction, as well as to avoid the risk of capital loss from the death of aged cattle.  
Farm households have been increasingly engaged with the cattle market over the past ten years. 
Nearly 70% of the interviewed households were aware of cattle market prices (Table 4.21). The 
mean market price of a cow was USD 430, of a bull, USD 600, and of a calf, USD 295. The 
reported prices ranged widely, because they were based on the condition of their own cattle at the 
time of sale. Farmers attributed the range of cattle prices to their body condition, liveweight, breed, 
and age. Though farmers raised cattle mainly for draught and manure, understanding their market 
value could encourage some of them to become more market-oriented. A survey in 6 provinces 
indicated that the local breed rose to 69% of cattle traded in 2011 from 49% in 2009, while the 
crossbreed dropped by 20% over the same period. Small cattle farmers were found to be the largest 
single source of cattle supply to traders (94%), compared to store farmers (35%) and brokers (6%) 
(O’Connell et al., 2013).  
Table 4.21. Cattle prices reported in Trapeang Run in 2012, by category (USD/head) 
 Cows Bulls Calves 
Mean 428 603 295 
Median 400 575 250 
q1 375 500 200 
q3 500 663 375 
Range 125-750 200-1000 125-625 
 
4.5.4 Other livestock 
Apart from raising cattle, rearing pigs and poultry also had a role in providing farm household 
income, farmyard nutrients, and a protein source. The small scale of animal raising could only 
episodically supply meat for important occasions such as Pchum Ben and Khmer New Year 
(explained in 4.4.1) and traditional and religious celebrations throughout the year, though 
households could benefit from the regular supply of eggs. Table 4.22 shows that most households 
raised chickens (92%) while ducks and pigs were reported by 41% and 35% of households, 
respectively. The mean numbers held were one pig, 19 chickens and two ducks, valued at USD 140, 
so small livestock did not make a major contribution. However, one of the interviewed farmers 
reared 10 pigs and 135 chickens, estimated to have a total value of USD 2,440, as well as owning 6 
cattle. Around 67% of poultry-rearing households reported selling chickens and 50% of pig-raising 
households sold pigs for a cash income in 2012. The average income from the sale of pigs was USD 
440, with a range of USD 60 to 1,500, and from poultry, USD 120 and a range of USD 5 to 940.  
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Table 4.22. Numbers and value of pigs, chickens, and ducks owned in Trapeang Run, 2012 
  Unit Pigs Chickens Ducks Total 
Ownership % of households 35 92 41  
      
Mean No. head 0.9 18.7 2.4  
  USD 78 75 7 141 
q1 No. head 0 4 0  
  USD 0 16 0 21 
q3 No. head 1 25 4  
  USD 86 98 12 131 
Range No. head 0-11 0-150 0-16  
  USD 0-946 0-600 0-42 0-2,441 
 
4.6 Whole-Farm Analysis 
Despite the highly restricted supply of irrigation water in the dry season, a large number of survey 
households managed to use part of their paddy land and the limited area of upland, for the 
cultivations of EWS rice and DS non-rice crops, to supplement family consumption and to improve 
household income. In addition, most households raised a small number of cattle as a support 
activity to cropping, as well as other livestock. This section presents a whole-farm analysis for a 
representative farm with 0.9 ha of paddy land, 0.1 ha of upland, and two cows (and a calf) for 
draught power and manure. The analysis focuses on the cropping activities, as the livestock 
activities involved only small, routine labour inputs and contributed only episodically to cash flow 
(e.g., when a culled animal was sold). The rice straw provided to the cattle and the draught power 
and farmyard manure provided to the crops, were intermediate outputs, requiring mainly family 
labour to be integrated into the whole farm system. 
Table 4.23 shows the analysis of the cropping system for a 12 month period, with a total cultivated 
area of 1.2 ha across the three cropping periods. Nearly 2.5 tonnes of paddy rice were secured from 
the two rice cultivations, 16% of which was from EWS rice. The main non-rice crops cultivated in 
the dry season (with a minor area cultivated in the wet season), watermelon, mungbean, cucumber, 
pumpkin, and convolvulus, were for family food supply and extra cash income. The major 
production inputs were 170 labour-days, 7 tonnes of farmyard manure, and USD 120 of cash costs 
for the whole cropping system. With only small cultivated areas, the EWS rice and non-rice crops 
required relatively small labour inputs and cash expenses. More than a tonne of farmyard manure 
was applied for EWS rice cultivation, which was about 20% of the amount used for WS rice. The 
land cultivated with non-rice crops was given frequent nutrient applications, because the same plots 
were commonly allocated for the rice nursery. With 3 cattle, the farm household was able to 
accumulate around 6.5 tonnes of farmyard manure, mixed with other waste and green materials. 
This source of organic nutrients was sufficient for the entire 12-month cropping cycle.  
The annual paddy surplus was a little over 1 tonne, following deductions for seed retention and rice 
supply for a 5-member household. The household could sell this surplus paddy at any period of the 
year, but mostly when there was an urgent cash requirement, such as paying for fertilizer. With 
relatively little fluctuation in the farm-gate price during the year, the estimated total cash income 
from paddy sales was USD 350. Deducting the total working capital for crops (USD 120) gave a net 
cash flow of USD 230 from rice and non-rice crops. Despite being essentially a subsistence crop, 
WS rice produced the largest share of net cash income (48%). With self-sufficiency in rice from the 
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WS rice crop, all the EWS rice harvest could go towards improving farm net cash returns. On the 
other hand, part of the harvested output of non-rice crops was used for home consumption.  
Table 4.23. Inputs, outputs, and net cash flow of representative cropping system in Trapeang Run, 
2011-2012  
  
Unit WS rice DS non-rice 
crops 
EWS rice Whole 
farm 
Cultivated area ha 0.93 0.13 0.15 1.21 
Output kg 2,036 - 387 2,423 
Seed kg 75 - 17 92 
Consumption
a
 kg 1,250 - - 1,250 
Surplus kg 711 - 370 1,081 
Farm gate price USD/kg 0.28 - 0.25 
 Gross income USD 570 59 97 726 
Cash income USD 199 59 93 351 
Labour input labour-days 122 28 23 173 
Organic nutrients kg 5,749 350 1,030 7,129 
Cash costs USD 90 13 21 124 
Net cash flow USD 110 46 71 228 
a
Consumption based on 5 household members. 
A 12-month profile of cash flow from all cropping activities is presented in Table 4.24. Starting 
with the main season, the cash flow commenced with a small cash deficit of USD 7 in July for fuel 
expenses to water the WS rice seedlings. Outlays increased in August for fertilizer and fuel costs for 
transplanting, but sale of the EWS rice harvest provided cash income to maintain a positive cash 
flow. There was a negative net cash flow in October due to expenditure on mineral fertilizers for 
topdressing at the booting stage of WS rice. With the start of the harvest of WS rice in December, 
part of the rice surplus could be sold in January and February. The small cash outlay for seed, 
fertilizer, pesticide, and fuel for the non-rice crops cultivated in January, did not turn the net cash 
flow negative. Cash income from DS non-rice crops and the remainder of WS paddy sales 
maintained a positive net cash flow from March through June, despite outlays for EWS rice inputs. 
On average, the farm household could receive USD 20 per month of net cash returns from the three 
periods of cultivation, and experienced a negative cash flow only in July and October. The 
cumulative cash flow or cash balance indicates the household’s liquidity over time. Cash Balance 1, 
starting from January, was positive throughout. Cash Balance 2, starting from the commencement 
of the WS in July (which would be more relevant to households without DS or EWS crops) was 
negative initially (implying a need for credit for WS rice inputs), but was positive (but low) through 
to December, and only began building up from January with the sale of WS rice, DS non-rice crops, 
and finally EWS rice. 
Figure 4.21 presents the monthly distribution of family labour inputs to operate the combined 
cropping activities, together with labour for livestock management, mainly cattle activities. A total 
of 170 labour-days was required for the total cropped area of 1.2 ha (an average of 142 days/ha). 
The total labour input for cattle management was 145 labour-days, comprising taking cattle to and 
from the fields, moving cattle around to new grazing plots, feeding rice straw in the houseyard, 
cleaning out the cattle shed, and collecting grass between July and November. The labour input for 
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cattle activities was constant throughout the year, requiring around 2.5 hours daily and nearly 
double that during grass-collecting periods.  
The labour profile gradually increased from April and peaked in August (where the EWS harvest 
and WS transplanting overlapped, together with collecting grass for cattle) before gradually 
declining from September until November. The harvest and post-harvest activities for WS rice and 
the cultivation of DS non-rice crops contributed to the second labour peak in December-January. 
The monthly labour input was high in four out of the 12 months, ranging from 38 labour-days (1.6 
work-days per day, assuming a 6-day week) to 51 labour-days (2.1 work-days per day). A farm 
household with 2 workers would experience no labour constraint, even in these peak labour months. 
On the other hand, family labour would be seriously underutilised in the relatively slack months 
(February to June and October-November); the intensity of family labour use could also be adjusted 
in these slack periods, unless other productive activities could be undertaken. 
Contrary to initial expectations, there was not a labour constraint during the short turnaround period 
between the harvesting of EWS rice and seedbed preparation for WS rice. This was because the 
drawn-out practice of transplanting WS rice allowed time for continued harvesting of EWS rice. 
Also, the limited supplementary irrigation constrained households to use only a small proportion 
(around one sixth) of their total paddy land for EWS rice cultivation. The farmers typically 
managed to have a plot that was within reach of an on-farm water source that was used for the EWS 
rice nursery but not transplanted with EWS rice, hence it was available for the WS rice nursery. 
This was a useful practice that enabled adoption of an EWS-WS rice cropping system under limited 
paddy land holdings.  
 
Figure 4.21. Profile of labour inputs for cropping operations on a representative farm in          
Trapeang Run, 2011-12 
 91 
 
 
 
 
Table 4.24. Monthly cash flow from cropping activities of representative farm household in Trapeang Run, 2011-12 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year end 
Cash costs 4 4 4  5 15 7 57  25   121 
WS rice       7 57  25   89 
Non-rice 4 4 4          12 
EWS rice     5 15       20 
Cash income 50 50 30 30 50 50  95     355 
WS rice 50 50   50 50       200 
Non-rice   30 30         60 
EWS rice        95     95 
Net cash flow 46 46 26 30 50 35 (7) 38  (25)   234 
Cash balance (1) 46 92 118 148 198 233 226 264 264 239 239 239 239 
Cash balance (2) 52 98 124 154 204 239 (7) 31 31 6 6 6 239 
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4.7 Household Income 
Farm households clearly aimed to use their resources to produce enough rice for their own 
subsistence and, having achieved that, to generate as much cash income as they could. Given the 
limitations of the rainfed lowland environment, the survey households had diversified their 
livelihoods through two general sources of cash income – farming activities (including rice, 
livestock, and non-rice crops) and off- and non-farm activities. As discussed in Sections 4.4.1 and 
4.4.2, on average, the WS and EWS rice crops produced a paddy surplus of 1.2 t after the allocation 
for household consumption and seed, though some households (32%) experienced a rice deficit. 
Some of the non-rice crops and livestock were also used for household consumption, but remaining 
farm output was sold to generate cash income. Figure 4.22 presents the key sources of cash income 
accessed for the survey households. Almost half the households (48%) earned cash income from 
WS rice, and a smaller proportion from EWS rice (29%) and non-rice crops (34%). A larger 
proportion (58%) earned income from livestock. Most households (84%) had one or more members 
earning an income through non-farm employment, both in Phnom Penh and in local towns in 
Tramkak District and Takeo Province. Casual farm labour was also a source of cash income for 
20% of the survey households, mostly those with small areas of cultivated land and limited non-
farm income.  
A breakdown of cash income sources from non-rice activities is given in Figure 4.23. Growing 
vegetables on upland and paddy plots (cucumber, water spinach, and pumpkin) was a common 
source of cash income (28% of households). Other field crops on paddy land were less common, 
including mungbean (13%) and watermelon (11%). Fruit trees provided cash income for only 8% of 
households. On the other hand, 62% of households earned cash income from poultry, mainly 
chickens. The sale of cattle (27%) and pigs (18%) was less widespread.  
 
Figure 4.22. Sources of household cash income in Trapeang Run, 2011-12 
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Figure 4.23. Breakdown of income sources from non-rice crops and livestock in                      
Trapeang Run, 2011-12 
A breakdown of off- and non-farm activities of survey households for income generation is 
presented in Figure 4.24. Almost all (86%) of survey households had one or more members 
engaged in off- and/or non-farm employment within or outside the village, averaging 1.6 activities 
per household. Urban-based, non-farm wage employment, mainly as garment factory and 
construction workers in Phnom Penh, was a source of income for 41% of households. A larger 
proportion (46%) earned cash from small businesses, taxi driving, carpentry, tailoring, and other 
forms of skilled work. Casual workers (20%), including farm labourers and other local workers, 
earned a relatively small amount of cash on account of the lack of demand, as most households 
relied on their own family labour for farm work. Government employees (teachers, village heads), 
palm juice tapping, and equipment rental, were also cited as sources of cash income in some 
households.  
 
Figure 4.24. Breakdown of income sources from off-farm and non-farm activities in            
Trapeang Run, 2011-12 
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The total annual cash income from all sources averaged USD 990 and ranged from USD 20 to 6,545, 
with 2 households generating no income from any source. Figure 4.25 presents the distribution of 
total annual cash income of the survey farm households. The distribution was strongly skewed to 
the right. Most households (85%) could only generate USD 2,000 or less, with nearly half (44%) 
earning no more than USD 500 per year. Eleven households (14%) earned USD 2,000-4,000 and a 
single household earned more than USD 5,000. Cash income from each income source ranged 
widely, from zero to USD 2,500.  
 
Figure 4.25. Total annual cash income distribution in Trapeang Run, 2011-12  
Table 4.25 shows the mean and distribution of gross cash income from each source. Non-farm 
wages and other non-farm activities were the most common sources of cash income, benefiting 47% 
and 56% of survey households, respectively. Averaged over all survey households, non-farm wage-
earning provided USD 330, while other non-farm activities, such as trading or business, provided 
USD 290. In total, off-farm and non-farm income accounted for 63% of average annual cash 
income. Livestock was another major cash income source, accounting for the largest proportion of 
households (67%) and averaging USD 210, or 21% of average total income, almost twice as much 
as from rice sales. Crop income averaged only USD 157 or 16% of average total income, more than 
half of which was from sales of WS rice.  
In summary, while rice production was essential for household subsistence, given the limitation to 
basically one WS rice crop on less than one hectare of paddy land, cash income had to be mainly 
derived from livestock and especially from non-farm sources. 
It was hypothesised that the level of cash income would be related both to farm size and the size of 
the household labour force. Table 4.26 divides the sample (n=79) into three groups based on 
landholding size – small (less than 1 ha), medium (1-2 ha), and large (more than 2 ha). Total cash 
income increased from the small-farm (USD 820) to large-farm groups (USD 1,858), though the 
differences were not significant at p=0.10. The large-farm group had the highest mean cash income 
from each source, except from non-farm business. The proportion of income from farming activities 
was higher for the large-farm category (58%) than for the medium (35%) and small farms (31%). 
Thus large farms earned the highest total farm income (USD 1,070), three to four times that of the 
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small and medium farms; there was a positive and significant correlation between landholding size 
and total farm cash income (r=0.38; p=0.000).  
Table 4.25. Mean and distribution of cash income by source, Trapeang Run, 2011-2012 
Income 
source 
Income bracket (USD/year) Mean income (USD) 
0 
1- 
499 
500-
999 
1,000-
1,499 
1,500-
2,500 
>2,500 
Sub-
sample
1 
Whole 
sample 
% of 
total 
income 
 (% of households)     
WS rice 53 44 1 0 1 0 187 88 8.8 
EWS rice 71 29 0 0 0 0 119 35 3.5 
Non-rice 
crops 66 32 3 0 0 
0 
99 34 3.4 
Livestock 33 67 8 5 1 0 314 211 21.2 
Farm 
wages 81 19 0 0 0 
0 28 5 0.5 
Non-farm  
(business) 44 35 10 5 5 
0 518 290 29.2 
Non-farm 
(wages) 53 23 8 9 8 
0 709 332 33.4 
Total 3 42 22 9 19 6 1,974 995 100.0 
1
 Sub-sample of those households earning cash income from specified sources. 
Table 4.26. Cash income by source and size of landholding in Trapeang Run, 2011-12 (USD) 
Different letters of each income source by farm sizes were significantly different at p=0.10 level. 
The availability of family labour was also expected to be a factor in pursuing different sources of 
cash income. Table 4.27 divides households into three classes, depending on the size of the labour 
force – small (1-2 workers), medium (3-4 workers), and large (5 or more workers). Interestingly, 
mean landholding size increased with the size of the household workforce, hence some of the 
effects of land size class shown in Table 4.25 would be expected to carry through. The incidence of 
all farm cash income sources increased with the size of the workforce, as did the mean income from 
each source. The large workforce households earned the highest farm cash income (USD 555), 
nearly four times that of small-workforce households and more than double that of medium-
workforce households. These differences were significant at p=0.10. The large-workforce 
households also averaged more income from non-farm sources. In particular, non-farm wage 
income was significantly higher (p=0.01) at USD 497, than for the small-workforce group (USD 
138). Clearly, having additional family labour provided a significant advantage, both in earning 
cash income from farming and in allocating some labour to non-farm employment.  
Land 
holding 
(ha) 
WS  
rice 
EWS 
rice 
Non-rice 
crops 
Live-stock 
Non-farm 
wages 
Non-farm 
business 
Total cash 
income 
≤1  
(n=46) 
32
a 
(4%) 
17
a 
(2%) 
26
   
(3%) 
181
 
(22%) 
292
  
(33%) 
273
  
(36%) 
820
  
(100%) 
1.0-1.99 
(n=26) 
100
b 
(9%) 
20
a 
(2%) 
45
 
(4%) 
211
  
(20%) 
232
  
(43%) 
459
  
(22%) 
1,068
 
(100%) 
≥2.0  
(n=7) 
408
b 
(22%) 
207
b 
(11%) 
46
  
(2%) 
408
 
(22%) 
480
  
(17%) 
309
  
(26%) 
1,858
 
(100%) 
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Table 4.27. Cash income by source and size of household labour force in Trapeang Run, 2011-12 
(USD) 
No. of 
family 
workers 
Land 
holding 
(ha) 
WS  
rice 
EWS 
rice 
Non-
rice 
crops 
Live-
stock 
Non-
farm 
(wages) 
Non-
farm 
(trade) 
Total 
cash 
income 
1-2 
(n=20) 
0.66
a
 44 21 9
a
 71
a
 138
a
 269 551
a
 
3-4 
(n=27) 
0.81
a
 83 29 14
a
 100
a
 282
ab
 259 768
a
 
≥5 
(n=32) 
1.18
b
 119 48 66
b
 323
b
 495
b
 326 1,377
b
 
Different letters of each income source by the number of family workers were significantly different 
at p=0.10 level. 
 
To assess the combined effects of different factors on cash income, a multiple regression was run of 
total cash income as a function of 8 independent variables, including 3 continuous variables and 5 
dummy variables, using Excel (Table 4.28). The equation was significant (F=7.13) but the adjusted 
R
2
 was 0.39, meaning that most of the variation was not explained by the estimation equation. 
Surprisingly, given the above tabular analyses, neither the land size nor the labour force coefficients 
were significant at the p=0.10 level; the high standard errors for these coefficients may have 
reflected multicollinearity. Only the coefficients for the EWS rice dummy, non-farm wages dummy, 
and pump ownership dummy, were significant. Nevertheless, the results underscore the importance 
of non-farm wages to total income, with households that derived income from this source averaging 
USD 695 more than households without a non-farm wage income. 
Table 4.28. Regression of total household cash income on 8 variables for Trapeang Run survey 
sample (n=79), 2012 
Variable Coefficients 
Standard 
Error 
t statistic p-value 
Intercept -593.9 312.8 -1.898 0.061 
Total land size (ha) 231.6 168.2 1.376 0.172 
Full-time labour (no.) 53.3 67.5 0.788 0.432 
EWS rice (yes=1; no=0) 357.1 209.7 1.702 0.093 
Non-rice crops (yes=1; no=0) 350.9 215.0 1.632 0.107 
Non-farm wages (yes=1; no=0) 695.1 210.0 3.308 0.001 
Cattle (no.) 65.9 78.9 0.834 0.406 
Water pump (yes=1; no=0) 529.9 222.4 2.382 0.019 
Pond (yes=1; no=0) 145.7 220.0 0.661 0.510 
n = 79; F statistic = 7.13; adjusted R
2
 = 0.39. 
4.8 Summary and Conclusions 
The case study of Trapeang Run Village represents a fairly typical rainfed lowland village in Takeo 
Province with very limited access to supplementary irrigation, mainly from small ponds in or near 
the houseyard. Population density was very high (nearly 700 persons/km
2
) and 80% of the land 
comprised rainfed paddy fields. However, the land was fairly evenly distributed among villagers – 
there were no landless households but 88% of households had less than 1.5 ha of paddy land. Hence 
small farms (averaging 0.9 ha, scattered over several plots) with infertile, sandy soils were used to 
produce a single WS rice crop, mainly for subsistence but in most cases generating a small cash 
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surplus. Most households also cultivated EWS rice on a small portion of their paddy land 
(averaging 0.2 ha), whether to make up for a rice deficit from the WS crop or to provide further 
cash income. Similarly, small areas of paddy land or upland were used for non-rice crops, again for 
both domestic consumption and sale. The limited supplementary irrigation from pond-water was 
important for both EWS rice and DS non-rice crops. Otherwise, farmers would have had to rely on 
WS rice alone.  
Poor soil fertility, low fertiliser application rates, and the use of traditional rice varieties, 
contributed to relatively low yields of WS rice, averaging 2.2 t/ha, though the labour requirement 
was also quite low (132 days/ha). Imputing a market value to this output gave a net return to 
household resources (NRHR) of USD 500/ha and a net return to family labour (NRL) of USD 4 per 
day, a dollar more than the rural wage rate. EWS rice involved the use of high-yielding modern rice 
varieties, but, given the low rate of fertiliser application and the limited irrigation supply, the yield 
averaged only 2.6 t/ha. A low farm-gate price and higher labour input (153 days/ha) meant the 
NRHR (USD 490/ha) and NRL (USD 3.5/day) were lower than for the WS rice crop. Despite low 
productivity, however, rice farming ensured rice supplies for three quarters of households and made 
an important contribution to cash income. 
Cattle were an essential part of the farming system, with an average farm having two cows to 
provide draught power and manure for cropping, and an occasional calf for sale or as replacement 
stock. In return, rice straw was conserved as the base diet for cattle year-round, but especially in the 
WS when tethered grazing on the paddy fields was not an option. Cash income from the sale of 
cattle and other livestock, especially poultry, supplemented the earnings from crop sales. 
Given the small farm size, the monsoonal (wet-dry) weather pattern, the limited on-farm water 
supply, the limited cash earnings from crops and livestock (USD 370), and the highly seasonal 
demand for farm labour, most farm households deployed some of their workers in non-farm wage 
employment (mainly younger people working in garment factories and construction sites in Phnom 
Penh) and/or other non-farm employment locally (small businesses and skilled trades). These 
options added around USD 630 to cash income. To fully employ the household’s resources of land 
and labour in productive farming would require additional investment in on-farm irrigation, such as 
through tubewells, and possibly the mechanisation of farm operations, so that subsistence and cash 
crops could be produced year-round. The next case study illustrates this trajectory. 
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CHAPTER 5  
SNAO – A VILLAGE WITH ON-FARM IRRIGATION 
 
5.1 Introduction 
 This chapter presents a case study of Snao Village in Takeo Province. It is located in a rainfed 
lowland environment with all the constraints identified in the previous chapter – small farms, low 
soil fertility, traditional dependence on a single crop of rainfed rice, and the use of conventional 
farming practices. Yet farmers in this village have developed an intensive, diversified, commercial 
farming system, with year-round planting of rice and non-rice crops. This system is based on the 
exploitation of on-farm water sources, especially shallow tubewells. Thus the village represents an 
intermediate case between purely rainfed systems and fully irrigated systems. This case study 
provides useful insights into the process of evolving from dependence on a single wet-season rice 
crop, grown largely for subsistence, to a more intensive, diversified, and market-oriented farming 
system based entirely upon on-farm resources. 
The data sources for the analysis comprised field observations, key informant interviews, a farm 
household survey, village statistics for 2011, national census data for 2008, and other secondary 
data. The field visits and observations and key informant interviews with the village head and other 
experienced farmers were carried out in different seasons between 2010 and 2013. The farm 
household survey was carried out in March 2012 and included interviews with 62 farmers, 
accounting for 22% of the households in the village (277). Besides the common wet-season (WS) 
rice crop grown by all but two farm households, dry-season (DS) radish was cultivated on the paddy 
land by 51 households and early wet season (EWS) rice was cultivated by 40 farmers on the same 
land-type. Around half the interviewed farmers also had access to low-lying land that was flooded 
(and therefore uncultivable) in the WS but suitable for DS rice cultivation (see the category “dry-
season rice” in Figures 2.3 in Chapter 2). 
Radish, the main non-rice cash crop, was cultivated on both rice fields and higher land by almost 
100 farm families, according to the village head. In the survey, farmers were selected and 
interviewed from all the clusters of radish-growing households identified by the village head. Since 
the field and soil conditions, cropping patterns, cultivation practices, on-farm irrigation and other 
farm resources, and off- and non-farm work opportunities, were highly homogeneous among the 
village households, it was considered that the survey sample of 62 was sufficient to give a 
representative picture of the farming and livelihood systems in the village. 
Experienced household members actively engaged in farming were preferred for the interviews 
because they could provide useful and accurate information on the broad range of topics covered in 
the questionnaire. It was advantageous to have both husband and wife participating in the interview, 
but usually only one or the other was available. No farmer declined to be interviewed, though 
around 20% of the households visited could not be found at the time of the survey and were 
replaced by other households. This may have slightly biased the sample towards households with 
more on-farm or in-village activities. The respondents appeared willing to collaborate without any 
outside influence or incentive, because they understood that their participation could contribute to 
agricultural research and development in their village. However, in a few cases the farmer could not 
respond well to the questionnaire. The questions themselves seemed to be not an obstacle for these 
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farmers but low levels of schooling and a poor memory of farming activities meant these interviews 
took longer than the usual two hours. The completed interview questionnaires were included in the 
analysis.  
The average age of respondents was 46, with half the respondents aged between 39 and 55 years. 
Apart from two cases in which the respondents were a mother and son, the respondents were the 
husband or household head (25) or the wife (35), because they were responsible for farm and 
household decision-making and were the best informants among the household members. The main 
topics covered in the questionnaire were demographic characteristics, landholdings and outputs, 
crop production (WS rice, DS rice, EWS rice, and major non-rice crops), livestock production, farm 
mechanization, supplementary irrigation (tubewells and ponds), and sources of household income. 
The questionnaire is reproduced in the Appendix. 
5.2 Village Profile 
5.2.1 Village settlement and population 
Snao Village is located about 75 km south of Phnom Penh and 20 km east of National Road 2, with 
geographic coordinates of 11°11' N, 104°56' E, and 12 masl. The village is part of its namesake 
commune under Prey Kabas District in Takeo Province (Figure 3.1). The word snao in Khmer is a 
type of Sesbania plant that is a rich nitrogen source to promote soil fertility and has a yellow flower 
that is used as a fresh vegetable. The village name indicates that the village area at some time had a 
high population of wild Sesbania, though none currently remains. According to the village head and 
other elders, the village area was established a long time ago, and this was confirmed by the visual 
appearance of the settlement and the presence of old tall trees. Also, the village was located only 5 
km from the administrative centre of Prey Kabas District, whereas more recently settled villages are 
usually more distant from the district and commune administrative centres. The villagers built their 
houses on higher land, around 3-6 m higher than their paddy land, because the village, being less 
than 20 km from the Bassac River, was flood-prone due to the large river flow in the wet season. 
Figure 5.1 depicts the layout of Snao, capturing the notable characteristics of the village setting, 
including infrastructure, designated crop areas, canals, and water resources, which closely influence 
the whole farming system. The village housing is in the central area between the northern and 
southern paddy fields, between the two main unsealed roads that ran across the village from west to 
east and from northwest to southeast, intersecting at the eastern boundary of the village. This central 
area is also partly used for WS rice, DS radish, and EWS rice, but it will likely become fully used 
for housing as result of village population growth if the current trend of residential land 
development continues. The location of the village settlement is advantageous for accessing the 
paddy fields to the north and south, because farm inputs and outputs are commonly carried by 
animal-drawn carts or human labour.  
According to village statistics, in 2011 the village comprised a total of 277 farm households with a 
population density of 292 persons per sq. Km, and stretched across an area of 451 ha comprising 
120 ha of WS rice land, 167 ha of DS rice land, 15 ha of non-rice crop land in  upland areas, 53 ha 
of residential land, 28 ha of public land (roads, schools and offices), 30 ha of irrigation system 
(canals, dams, and reservoir), and 26 ha of natural water resources (streams and lakes). The DS rice 
areas are located at lower elevations, adjacent to lakes, streams, and canals, between 4 and 7 km 
north and east of the village; most of these DS rice areas are not under the administrative boundary 
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of Snao (Figure 5.1). The actual area of DS rice land available to villagers is significantly smaller 
than the official figure quoted above, because of many ownership changes over the last two decades. 
 
Figure 5.1. Layout of Snao Village 
 
Figure 5.2. Distribution of Snao population by age group and sex                                            
(Source: Annual Village Statistics, 2011) 
The village population in 2011 was 1,318, with a male:female ratio of 1.01:1.00. Figure 5.2 shows 
the distribution of the village population based on age group and sex. Children under 15 years, 
representing dependent family members, were the largest group (30%). Nearly 55% of the 
population was under 25 years old, which was the same as the 2008 census figure for Takeo 
Province (NIS, 2008). The smallest age group was people older than 60 years, accounting for only 
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7%. The high proportion of the population aged under 25 years indicates a rapidly growing village 
population. 
5.2.2 Village land resources 
The village lands fall mainly within the rainfed lowland ecosystem, thus most of the WS paddy 
lands are unfavourable for cropping in the DS. However, many farm households have started to use 
these limited WS paddy lands year round, relying on on-farm irrigation through farm ponds and 
tubewells in the DS. A part of the paddy land to the east (mostly outside the village boundary) is 
annually flooded for a few months in the WS, because of its low elevation and proximity to the 
Bassac River. It is considered too risky to transplant rice on this land in the WS because of the 
uncertainty about the duration and depth of flooding, combined with the recent construction and 
restoration of canals and dams which have allowed farmers who own plots of land in this zone to 
cultivate DS rice. The location of the village under these conditions, experiencing both potential 
WS flooding and DS drought, could have been a contributing factor inducing the villagers to 
explore the possibilities for agricultural intensification through on-farm irrigation. 
The distribution of annual rainfall, topography, irrigation infrastructure (dams, reservoirs, and 
canals), and natural water resources (rivers, streams, and lakes) have all significantly influenced the 
characteristics of farmland in Snao, creating a diversity of land types. Figure 5.3 shows a cross 
section of the entire village land, ranging from upland to land subject to 2-3 m depth of water in the 
WS.  
 
Figure 5.3. Cross-sectional view of village land-types and land-use in Snao                                
(elevations derived from Google Earth, accessed in 2013) 
Land at the highest elevation, between 10 and 15 m, includes flood-free areas where settlements, 
animal shelters, infrastructure, and public property are located. This land is also suitable for non-
rice crops, including annuals and perennials, depending on rainfall and on-farm irrigation resources. 
Paddy land with an elevation of 7 to 10 m located outside the flood-prone area is cultivated with 
WS rice. The paddy fields are surrounded with bunds to retain rainfall for rice cultivation. This land 
type is also favourable for EWS rice and DS radish and other non-rice crops, again depending on 
the availability of on-farm irrigation. It is the main land type used by the villagers.  
Land below 7 m in elevation can be flooded from September onwards, so it is not suited to WS rice, 
but DS rice crops are feasible. This land can be divided into upper fields (DS Rice 1 and 2 in Figure 
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5.3) and lower fields (DS Rice 3 and 4), based on the period of cultivation and sources of irrigation. 
DS Rice 1 land is safe for WS rice cultivation when dams and canals to control floodwater are 
constructed. DS rice in the upper fields starts in October or November, depending on the rate at 
which the floodwaters recede, and is irrigated by partially retained floodwater and then groundwater 
until harvest time, whereas DS rice cultivation in the lower fields does not commence until 
December due to deep flooding and slow recession, and is irrigated by partially retained floodwater 
and then water from reservoirs and lakes. Groundwater can be supplied if the water in reservoirs 
and lakes runs out before crop harvest. The many small reservoirs constructed to store floodwater 
for use in the DS has both enabled and limited the extent of DS cultivation, because of the trade-off 
in land use between water storage and cropping.  
 (i) WS paddy lands. The paddy land to the south of the village residential area is classified as WS 
rice fields and includes some plots of flood-free upland where radish, cucumber, and other 
vegetables are cultivated (Figure 5.1). These WS paddy fields are suitable for EWS rice cultivation 
but are unlikely to be used for DS rice or radish crops due to the lack of an irrigation source. Heavy 
clay soil and the absence of a slope to allow runoff and avoid waterlogging are constraints to radish 
cultivation.   
The paddy land to the north is more complex and less characteristic of the rainfed lowlands (Figure 
5.1). Most of this land is comprised of bunded lowland fields but the cultivation of WS rice is 
limited in extent by the floodwater regime of the Bassac River. WS rice can be cultivated from the 
main road to the flood line shown in Figure 5.1 – a distance of 600-1,000 m. To extend the WS rice 
into the flood-prone area would be to risk crop failure due to unexpected deep flooding of long 
duration. In the flood-free zone, the northern WS paddy land with slight slope is cultivated with 
radish in the DS and another rice crop in the EWS, drawing on underground water. The flooding 
constraint has motivated the farmers to use the flood-free area intensively and efficiently, growing 
three crops a year (WS rice-DS radish-EWS rice).  
The initiative for developing groundwater for on-farm irrigation has been the most significant factor 
in facilitating the adoption of this intensive cropping system. However, the favourable sandy soil 
and gentle slope of the paddy fields have also been important for viable radish cultivation. Because 
radish is a root crop and susceptible to waterlogging, it is required to be grown in sandy soils on 
slightly sloping land for managing drainage. Lacking these characteristics, the southern paddy fields 
are not suitable for radish cultivation (as mentioned by both radish growers and non-radish growers 
who hold land in this zone), though EWS rice can be cultivated.  
To assess the importance of soil type for radish cultivation, soil samples were collected from 10 
plots of paddy land across the central to northern zones, including 5 plots cultivated with radish and 
5 left fallow in the DS (i.e., they were only used for WS and EWS rice cultivation). Table 5.1 
presents the results of soil analysis including organic carbon, organic matter, N, P, pH, and soil 
texture. Both groups had very low of levels of organic carbon and organic matter and very low 
levels of N. The radish plots tended to have higher P availability but the means were not 
significantly different. The radish soils were slightly more acidic than the non-radish soils but all 
samples were close to neutral. Soil texture was only measured for 7 plots; there was some 
suggestion that radish plots had somewhat sandier soils, but the differences were not great.  
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Table 5.1. Chemical elements and soil texture of radish and non-radish land plots in Snao 
Land plot 
Organic 
carbon 
Organic 
matter N P pH H2O Sand Silt Clay Soil texture 
 (%) (%) (%) (mg/kg) (1:5 soil/water) (%) (%) (%)  
Radish land 
1R 0.36 0.61 0.03 27.66 6.53 81.07 14.53 4.40 Loamy sand 
2R 0.43 0.73 0.01 2.55 6.28 - - -  
3R 0.39 0.66 0.01 84.16 6.59 - - -  
4R 0.48 0.83 0.01 18.42 6.75 83.60 11.28 5.12 Loamy sand 
5R 0.42 0.72 0.01 17.86 6.59 74.48 16.64 8.88 Sandy loam 
Mean 0.42 0.71 0.01 30.13 6.55 79.72 14.15 6.13  
Non-radish land 
1NR 0.19 0.33 0.01 12.23 6.89 82.40 13.20 4.40 Loamy sand 
2NR 0.50 0.85 0.02 2.29 6.81 67.20 23.12 9.68 Sandy loam 
3NR 0.44 0.76 0.01 6.11 6.92 68.64 23.28 8.08 Sandy loam 
4NR 0.55 0.95 0.02 19.93 6.30 73.28 17.76 8.96 Sandy loam 
5NR 0.35 0.60 0.01 2.89 6.64 - - -  
Mean 0.41 0.70 0.01 8.69 6.71 72.88 19.34 7.78  
Source: Soil and Water Analysis Laboratory, CARDI (analysis carried out in September, 2013) 
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The need for capital investment in well installation and pump acquisition, and access to other 
sources of income generation examined below (Sections 5.2.3, 5.4.4 and 5.7), may have been more 
important factors influencing the decisions of non-radish households.  
(ii) DS paddy lands. Snao, unlike most other villages based on WS rice, has access to a different 
rice-land environment that is flooded in the WS and cultivated only in the DS; about half the 
households in the village own land in this environment. In the past, only floating rice or deep-water 
rice was cultivated on this flood plain, producing very low yields, associated with a high risk of 
crop failure due to the unpredictability of the flood regime. According to Nesbitt and Chan (1997), 
the frequency, height and duration of flooding in deepwater rice areas along the Bassac River and 
around Tonle Sap Lake, are rather unpredictable, depending on snow melts and rainfall in the river 
catchment areas. According to the Snao village head, many households had long abandoned these 
flood-prone lands or sold them as valueless property, due to their distant location and the poor 
yields from floating rice. However, the lands have become productive for DS rice or recession rice, 
which produces high yields with a low risk of crop loss, after the development of dams and canals 
for irrigation and the introduction of photoperiod-insensitive, short-duration rice varieties in the 
mid-1990s. These lands are now a reliable and considerable income source for those farmers who 
retain plots in this zone. 
Villagers’ access to this DS rice land was the result of the land allocation reform in the late 1980s 
reviewed in Chapter 2. Collective farming groups comprising 20-25 families were established after 
the collapse of the Khmer Rouge regime in 1979, to farm together and share production. To achieve 
equality among the groups in terms of farm size, soil fertility, elevation, and distance from 
settlement, the collective groups had to farm on different types and locations of paddy land. After 
dismantling the collective farming groups, every type and location of paddy land was equally 
divided and granted to each former collective member. However, as noted above, some households 
disposed of their plots of floodplain land before they became productive, and other, newly-
established households, did not inherit land in this zone. 
There are around 20 ha located just next to the northern WS paddy land, referred to as DS1 in 
Figures 5.1 and 5.3. At the same land elevation as DS1, a smaller area of less than 10 ha located just 
outside the eastern village boundary is referred to as DS2. This land (DS1 and DS2) is used for DS 
rice, irrigated through the recently-restored shallow canals, groundwater, and retained floodwater 
(Figure 5.4). Though DS rice could potentially be cultivated on this land post-flooding, on-farm 
irrigation would be a crucial requirement.  
The other two DS rice locations, identified as DS3 (19 ha), and DS4 (50 ha), at the same land 
elevation in Figures 5.1 and 5.3, are adjacent to lakes, streams and canals, some distance (4 to 7 km) 
from Snao and subject to WS flooding. DS rice cultivation on these low-lying areas, where floating 
rice had traditionally been planted in the WS, relies on floodwater storage during the early crop 
stage and pumping from dams and lakes during later growth. The field bunds were built high to 
increase the capacity to store flood water, which helps to minimise pumping costs at later crop 
growth stages.  
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Figure 5.4. Irrigation canals in DS rice land area (DS2), Snao Village, July 2012 
5.2.3 On-farm irrigation resources 
In Snao, on-farm irrigation, mainly by tapping groundwater, was initiated by farm households to 
intensify and diversify crop cultivation beyond a single WS rice crop on their limited holdings of 
WS rice land. The motivation was to improve their household rice supply, as well as to generate 
additional income. One of the particular characteristics of this village was the rapid development of 
groundwater irrigation for radish cultivation using tubewells and diesel-powered pumps. According 
to the village head and other elders, tubewells were first established as common village property in 
the years after the collapse of the Khmer Rouge regime, by donor agencies and non-governmental 
organizations (NGOs), to provide a source of domestic water supply (Figure 5.5). Understanding 
the feasibility of tapping groundwater, farmers subsequently installed tubewells privately for 
agricultural irrigation, particularly for DS and EWS crops. Groundwater irrigation was first used for 
DS radish cultivation and subsequently extended to the EWS rice crop.  
The farm survey recorded the installation of tubewells for either household water use or agricultural 
irrigation started after 1979, but the most intensive period of establishment was between 1985 and 
2005. Farm households increasingly invested in tubewells because of the significant impact on 
household food supply and cash incomes. Even though the cost of this investment was considerable, 
the majority of households have been able to afford tubewells because the high and reliable returns 
to irrigation have enabled them to secure the necessary credit. There were more than 200 tubewells 
in the village at the time of the survey, enabling most households to cultivate DS and EWS crops; 
some farmers had even invested in more than one tubewell, due to the fragmentation of their paddy 
land.  
The cost of tubewell installation was initially high because the scarcity of drilling contractors and 
limited supplies of the necessary materials constrained adoption. More recently the cost of digging a 
tubewell has been about USD 200 for digging a tubewell, though with some variation depending on 
the well depth, borehole diameter, and location. The cost of installing a tubewell on paddy land is 
higher than for a residential area because the plastic tube used for intensive pumping for irrigation 
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purposes is larger in diameter and has to reach deeper into the water table. Many farmers consider 
the investment cost as the main obstacle to installing the plastic pipe. Except for a few cases of 
sharing the investment cost among close relatives with adjacent plots, the tubewells are generally 
owned by individual households. Nevertheless, the well owners do allow farmers with adjoining 
fields to occasionally access the groundwater to save their rice crops from damage or failure during 
a drought spell, as can occur in the wet season. Some well owners indicated that their wells could be 
used by neighbouring farmers without limit after the owners had made sufficient use of them. A 
small number of well owners even mentioned that their wells were regularly used for intensive 
irrigation of DS radish and rice crops by their neighbours without sharing any costs. However, this 
practice may not be sustainable, giving rise to potential conflict between neighbouring households. 
Despite the borrowers using their own pumps and paying for fuel, the well owners would feel a 
degree of unfairness from having to pay the installation fee while others also benefit, especially if 
the wells are broken.  
 
Figure 5.5. Manually-pumped well for domestic water supply installed next to WS rice          
nursery on the southern field of Snao, July 2012 
According to the household survey, average tubewell depth was 35 m, ranging between 20 and 50 
m across the diversity of paddy land elevations; the depth was quite comparable for tubewells at the 
same elevation. The depth to the water level was commonly reported to be around 10 m but could 
be as shallow as 4 m and as deep as 25 m. The groundwater level varies significantly between dry 
season and wet season, because intensive pumping in the DS can severely draw down the water 
level. Most tubewell owners indicated that the water level would gradually rise from July and start 
to fall from November, when the wet season ended. The water level would fall more sharply from 
January and be at its lowest between March and April, continuing to stay low until June, when the 
aquifer began to be recharged. The depth was estimated to range between 4 and 8 m during the 
months of rising water levels and between 8 and 13 m during the months of falling levels.  
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However, there was no reported impact on DS irrigation, especially for the radish crop, despite the 
water drawdown between March and April. The water table in the DS rice areas can drop severely 
due to the intensive irrigation requirements of DS rice, with some wells running dry, but even so, 
the water level recovers quickly, even within a day. The quick recharge of groundwater can be 
attributed to the adjacent water sources, including the Bassac River, streams, and lakes located 10-
20 km from the village. The Bassac River is known to be an important source of underground water, 
contributing to the recharge of aquifers as far as 30 km to the west of the river, including many 
areas in Takeo Province (CIAP, 2000). 
According to the village head and senior farmers, though the village location was generally 
favourable for accessing groundwater, drilling did not always locate the water table, even in similar 
paddy areas and at similar elevations. There was no way of pre-testing for the success of accessing 
groundwater in any given drilling site. However, once water had been accessed, tubewells 
consistently supplied water with rare experiences of interruptions of supply. Without physical 
damage to the tubewell caused by humans or cattle, wells have not experienced clogging up. Where 
wells were damaged or blocked, the owners generally abandoned them because it was safer 
financially to drill a new well.  
The majority of farmers confirmed that a tubewell could irrigate up to 3 ha of rice throughout the 
DS. However, most wells were used to irrigate only 0.5 ha, because of the small and fragmented 
nature of the paddy lands. Water shortages appeared not to be a common constraint in the area 
irrigated, though around one third of groundwater users mentioned that the water table could drop 
sharply or wells could become empty for a short period during periods of intensive pumping of 
groundwater for DS rice. In relation to water quality, in the farmers’ view the groundwater source 
provided good-quality water which was potable and not turbid, and showed no adverse impact on 
either rice or non-rice crops. They had observed no change in water quality over the past ten years. 
The few groundwater users who had accessed the source for three decades also did not identify any 
change in soil fertility or other properties of irrigated land. Johnston et al. (2013) report that the 
quality of groundwater in Cambodia is commonly high and suitable for farming, though they 
identified faecal coliform in some shallow wells, and high levels of arsenic, iron, manganese, 
fluoride, and total dissolved solids in some areas. Anecdotal reports of adverse impacts on rice 
yields and soil physical and chemical properties, have not been supported by reliable research 
results. 
Asked for their long-term assessment of the groundwater situation, around 50% of water-user 
households claimed the water level had permanently declined by 2-3 m over the three decades since 
groundwater extraction began. Confirming this, the village head indicated that a number of wells 
installed on the higher land of residential areas had been pumped dry and abandoned. It was 
observed during the household interviews that some farmers had excavated the topsoil and cut the 
plastic tube by a metre to lower the pump below ground level, in order to be able to continue 
extracting water for farmyard crop irrigation. If the water table under residential areas was affected 
by intensive irrigation, especially for DS rice, the groundwater supplying the nearby paddy lands, 
which has, so far, not shown a significant decline, may experience critical drawdown levels in the 
future because most wells were established over a decade ago. A study in Svay Rieng and Prey 
Veng Provinces has indicated that the groundwater levels in monitored observed wells have 
declined by 14 cm/year between 1996 and 2008 Provinces (IDE, 2009). 
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A survey was conducted to measure the groundwater levels in 14 tubewells being used to irrigate 
radish in the dry season between December 2012 and April 2013. The tubewells were randomly 
selected from across the northern paddy lands at elevations ranging from 5 to 11 m. November was 
technically the end of the WS and the start of the WS rice harvest, and the first DS radish 
cultivation, while May was the commencement of the WS and EWS rice planting after completing 
the second DS radish cultivation. Groundwater was intensively extracted over this period for DS 
radish, DS rice, and EWS rice production, but there was negligible rain (see Chapter 2), and the 
water level in the Bassac River steadily receded. Measurements were taken monthly and, at the 
same time, well owners were interviewed to obtain the pumping duration and number of rainy days 
over the previous four weeks. The researcher and three research assistants, with the support of the 
village head, conducted the measurement of well depths and groundwater levels between 9 am and 
1 pm, using connected steel tapes inserted into the wells (Figure 5.6). The measurement of well 
depth and change of water level was important to crosscheck the information provided by farmers 
who did not pay particular attention to water levels and may have misjudged the rise and fall of 
water levels in their wells. 
 
Figure 5.6. Measuring groundwater level from a tubewell being used to irrigate radish,               
Snao, March 2013  
Table 5.2 presents the depth of installed tubewells and the water levels for the 5 months of the 
survey. The average well depth was 28 m, ranging from 21 to 31 m, falling within the range of 20 to 
50 m reported in the household survey. The water level was similar between wells within a given 
month, varying between 5.9 and 7.0 m due to different elevations. The water level showed no 
decline over the five months, averaging between 6.3 and 6.5 m throughout the period (Figure 5.7). 
This is within the range of 4-8 m reported by farmers in the household survey for the WS. However, 
the measured data indicates that the water level did not in fact drop between the WS and DS, and 
that farmers in the household survey were overestimating the water drop in the DS when they 
estimated levels to be 8-13 m. The water level dropped by 2 m at the start of pumping, but was 
quickly recharged to the same level within less an hour after irrigating.  
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Table 5.2. Measurement of groundwater levels in Snao, 2012-13 
Tubewell  Well depth  Water level from ground surface (m) 
no. (m) December January February March April 
1 22 6.4 6.0 6.0 6.2 6.0 
2 30 6.2 6.1 5.9 6.2 6.1 
3 30 6.3 5.9 5.9 6.0 5.9 
4 31 6.5 6.3 6.1 6.3 6.1 
5 29 6.3 6.4 6.5 6.5 6.4 
6 24 6.4 6.3 6.4 6.5 6.3 
7 - - 6.3 6.5 6.6 6.4 
8 31 - 6.7 6.8 6.9 6.7 
9 - - 6.7 6.8 6.9 6.7 
10 - - 6.1 6.1 6.2 6.0 
11 - - 6.1 6.3 6.3 7.0 
12 - - 6.6 6.4 6.7 6.6 
13 - - 6.5 6.4 6.7 6.5 
14 - - 6.2 6.3 6.4 6.3 
Average 28.2 6.4 6.3 6.3 6.5 6.4 
Note that the missing data was interrupted by pumping activity at the time of survey 
 
Figure 5.7. Scatter plot of groundwater level measurements in 14 tubewells over five months          
in 2012-13 in Snao 
The above evidence indicates that, at this stage, extraction of groundwater for DS and EWS 
cropping was not having an adverse impact on the water table, presumably due to the rapid recharge 
of the aquifer from the Bassac River. In particular, radish cultivation, the main DS crop for the 
village, which required two hours of pumping daily, did not appear to lower the groundwater level. 
The cultivation of EWS rice beginning in May depended mainly on rainfall with supplementary 
groundwater irrigation, which had no impact on the groundwater level. The DS rice crop was direct-
seeded in low-lying areas in late October and was irrigated with floodwater stored in the paddy 
fields and canals, with a high dependence on groundwater later in the season, when stored 
 110 
floodwaters were depleted. While this intensive use appears to draw down wells substantially, they 
are quickly recharged. 
Another form of on-farm irrigation in the village was from small ponds that stored rainwater, 
though most villagers relied more on groundwater for both domestic use and irrigation. Before the 
groundwater revolution, the pond was the only useful irrigation source for non-rice crops, including 
radish. The small on-farm ponds were also refuges for wild fish which were stranded in the ponds 
when the standing water gradually receded in the paddy fields, the location for the traditional rural 
practice of wild fish trapping. Because tubewells are a highly reliable irrigation source, not many 
ponds have been maintained on paddy land. Even though they had a low investment cost, ponds 
could not store adequate water in the WS for extensive cultivation in the DS or to meet the high 
water requirements of a DS rice crop. The excavation of large ponds would significantly affect the 
area available for cultivation, given the small farm size. However, on-farm ponds could still be 
useful for small areas of non-rice crops. Moreover, medium sized ponds (15 x 20m) on higher land 
were a useful source of water for vegetable cultivation, cattle, or possibly fish culture. There were 
also a few large ponds (30 x 50 m), excavated in the distant past, that were common village 
property (Figure 5.8). These were shared harmoniously and used efficiently by a number of 
households in close proximity to them. 
 
Figure 5.8. A large commonly-owned pond in the southern upland zone, Snao, July 2012 
5.3 Household Resources 
5.3.1 Human resources 
As noted in Chapter 3 and elsewhere, the traditional Khmer practice of married children separating 
from the parental household to establish independent households is still common in rural 
communities. The custom involves transferring part of the parental household’s farming land to 
each newly married child, to enable them to farm independently, while one child, usually the 
youngest daughter, will inherit the entire farm property including house, cattle, and the remaining 
lands. This child and her spouse will take over responsibility for the farm household and take care 
of the elderly parents who are less active in farming activities. Because of the tendency to form 
independent farm households and also the low birth rate influenced by education and better 
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maternal health care, the average household size in the survey area was only 4.9 members, with half 
the survey households having between 4 and 6 members (Table 5.3). The most common household 
composition was a nuclear family of husband, wife, and three children, followed by stem families 
that included one or both senior parents. The average household labour force was 3.7, with equal 
numbers of men and women. This workforce commonly comprised the parents and unmarried 
children older than 15. In 60% of cases, the household had one child older than 15, and 37% of 
households had two.  
Table 5.3. Household composition in Snao, 2012 
Characteristic Mean q1 q3 Range 
    Min Max 
Age of household head (years) 47 39 56 22 78 
Education (grade)      
 - Household head 6 4 9 0 12 
 - Spouse 5 3 7 0 10 
 - Children 8 7 10 3 12 
Household size 4.9 4 6 2 10 
Household work force 3.7 3 4 2 9 
Female work force 1.8 1 2 1 5 
Dependants 1.2 0 2 0 4 
 
Almost all household heads (97%) were men and their average age was 47 years, varying between 
22 and 74 (Table 5.4). Most were aged between 40 and 59, accounting for almost 60% of 
households. The age of interviewed household heads and their spouses indicates that they were the 
main family members to actively perform farming activities, with full- or part-time assistance from 
their older children or aged parents. The average educational attainment of household heads and 
their spouses was Grade 6 and 5 respectively, but there were also a few cases where the household 
head had received no schooling and was presumably illiterate. A complete primary school education 
was useful for accessing agricultural information and to make appropriate decisions with regard to 
agricultural production, especially the management of new cash crops. Educated farmers are able to 
clearly understand, assimilate, accept, and use new agricultural innovations introduced by extension 
agents (Anandajayasekeram et al., 2008; Baig and Aldosari, 2013). The average education of 
children (many of whom were still at school) was Grade 8. None was without some schooling and 
some had entered tertiary education (Table 5.3).  
Table 5.4. Age and gender of household heads, Snao, 2012 
Age Male Female Total % 
20-29 2 1 3 5 
30-39 13 0 13 21 
40-49 19 0 19 31 
50-59 16 1 17 27 
60+ 10 0 10 16 
Total 60 2 62 100 
 
Economically active members of the farm household were involved in a range of livelihood 
activities to supply food and cash income to the household as a whole. These activities were 
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assessed, based on time spent and level of income earned, as primary and secondary occupations. 
For the typical household with four active members, including the male household head, his spouse, 
daughter, and son (15 years and over), primary and secondary occupations were categorised as 
farming, off- or non-farm, and students.  
For the senior married couple, the primary job was usually farming, mainly referring to the WS rice 
crop, which employed 95% of household heads and 87% of spouses; only a small minority relied on 
off- and non-farm work as their primary occupation (Table 5.5). For their secondary occupation, 
husbands (55%) and wives (60%) were also highly engaged in farming activities, including non-rice 
crops and livestock. Again, a small number benefited from off- or non-farm employment, though 
this did not involve seasonal migration away from the village.  
Daughters aged 15 and over, if not still at school (28%), were engaged primarily in off- or non-farm 
jobs (68%), especially the garment industry in Phnom Penh, rather than farming (21%) (Table 5.5). 
Sons aged 15 and over were more likely to be in school (45%) but many participated in farm 
activities (22%) or off- and non-farm work (22%).   
Table 5.5. Occupations of economically active household members, Snao, 2012 (%) 
Job 
Head  
(n=59) 
Spouse 
 (n=54) 
Daughters 
(n=43) 
Sons  
(n=51) 
Primary job         
  - Farm 94 87 21 22 
  - Off-/non-farm 5 3 42 22 
  - Student 0 0 28 45 
Secondary job     
  - Farm 55 60 9 16 
  - Off-/non-farm 5 5 0 6 
  - Student 0 0 0 0 
 
The trend of rapid population growth and reducing farm size in the village will impose a constraint 
on the continued handover of household farming land to newly-formed households. The farming 
land per household, and in the village as a whole, was restricted and there was no means to extend 
the available area, even though there were increasing transactions in existing farm land, mostly 
within the village. The farm households who sourced cash from their children or relatives in towns 
and the city, were able to afford to buy farm land.  Increasing levels of education and engagement in 
non-farm work among younger household members may ease the pressure on available land. Some 
surveyed households (13%) had a son or daughter who had graduated from higher education and 
had obtained skilled employment, rather than merely joining the industrial labour force.  
5.3.2 Land resources 
WS paddy land was considered the essential farm resource for the villagers in this rainfed lowland 
environment, and WS rice was the most important source of staple food. All surveyed households 
but two owned WS paddy land with an average area of 0.6 ha, a median of 0.5 ha, and a range from 
0.1 to 1.9 ha. The WS paddy land was also favourable for DS non-rice crops (and possibly DS rice) 
and EWS rice, given the availability of on-farm irrigation, as described above. The two households 
without WS rice land were uncharacteristic of the rainfed lowlands, but they owned plots of DS rice 
land and upland plots suitable for non-rice crops.  
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The distribution of WS paddy lands shown in Figure 5.9 indicates that the largest group of farmers 
(50%) had between 0.1 and 0.5 ha, followed by 34% with between 0.5 and 1.0 ha. Only one farmer 
had over 1.5 ha and no-one had more than 2.0 ha. This reinforces the village data indicating a high 
population density and a uniformly small farm size. Given 5 family members, a landholding of 0.6 
ha is very limiting, because the output would be just sufficient for household rice consumption with 
a good yield (3 t/ha), but farm households also expected to have some extra cash from the sale of 
WS rice to cover the expense of mineral fertilizers and other purchased inputs. 
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Figure 5.9. Distribution of WS paddy landholdings by household, Snao, 2012 
Figure 5.10 shows the degree of paddy land fragmentation, influenced (as noted above) by land 
reform, the inheritance system, and possibly market transactions in paddy land. Despite the small 
average area, households owned from 1 to 9 plots. As many as 29 households (47%) owned 2 or 3 
plots and only 22 farmers (36%) had all their WS paddy land in a single plot. The wide scattering of 
paddy plots had adverse impacts on managing labour, manure and fertilizer application, on-farm 
irrigation establishment, crop management, and transportation of inputs and outputs, though there 
may have been some offsetting advantage from spreading risk across different plot locations. Land 
fragmentation has been recognised as a general constraint to improving resource management and 
accessing improved technologies, especially mechanisation, to support intensification and 
diversification of farming systems (FAO and World Bank 2001). Most important in this case, the 
farm households could not afford to install a tubewell on every plot, significantly limiting the area 
of DS radish (mean of 0.18 ha) and EWS rice (mean of 0.37 ha).  
Nearly half (45%) of surveyed households who owned WS paddy fields (plus the two households 
without WS paddy land) had access to DS rice land ranging from 0.1 to 3.0 ha, with a mean of 0.9 
ha (Figure 5.11). Most households with DS rice land (77%) had between 1.0 ha or less. Most of 
these plots were closer to the village, mainly DSR1 and DSR2 in Figure 5.1. In time, this DS 
ecosystem will probably become favourable for WS rice as well, because of the construction of 
dams and canals for flood control. The area of DS rice land owned was larger than that of WS rice 
land, but households mostly owned only one plot which was fully cultivated due to accessible 
irrigation. Only a few households had DS paddy land in more than one location. The lower level of 
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land fragmentation suggests that DS rice lands at greater distance were no longer owned by the 
villagers. Access to a DS rice plot was not only a source of additional rice and/or cash income, but 
also contributed to household food security if drought or other factors severely affected WS rice 
production.  
22
29
3 4 2
0
0
5
10
15
20
25
30
35
1 2-3 4-5 6-7 8-9 >9
Number of plot
N
u
m
b
e
r 
o
f 
h
o
u
s
e
h
o
ld
s
 
Figure 5.10. Distribution of WS paddy land plots by household, Snao, 2012 
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Figure 5.11. Distribution of DS paddy landholdings by household, Snao, 2012 
Besides owning paddy land, many Snao villagers also possessed higher land (upland or flood-free 
land) for cultivating non-rice crops, particularly in the WS. In the rainfed lowland environment, the 
upland areas were generally used as residential sites but Snao had a number of larger upland parcels 
located among the southern WS paddy fields (Figure 5.1). Many households owned and farmed an 
upland parcel with access to a small or large pond for irrigation (Figure 5.12). About 76% of 
interviewed households had access to such an upland plot, using it for the cultivation of radish, 
cucumber, and string beans. The mean area of non-rice upland was 0.16 ha, ranging from as little as 
0.01 ha (i.e., 10m x 10m) to 0.72 ha (Figure 5.13). Most plots were less than 0.25 ha and the single 
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largest plot was 0.72 ha. Despite the small area, the land was a useful asset because it was suitable 
for two crops of radish cultivation in the WS for cash income, as well as supplying other vegetables 
for family consumption.  
 
Figure 5.12. Large upland land parcels in the southern paddy lands, Snao, July 20112 
15
34
12
1 0
0
5
10
15
20
25
30
35
40
0 0.01-0.25 0.26-0.5 0.51-1.0 >1.0
Land holding (ha)
N
u
m
b
e
r 
o
f 
h
o
u
s
e
h
o
ld
s
 
Figure 5.13. Distribution of upland holdings by household 
That not all households owned DS rice land or an upland plot, had the potential to create a wide gap 
in the value of landholdings and farm incomes within the village; less than half the households had 
DS rice land and about three quarters had an upland plot. The mean total landholding of all land 
types was 1.2 ha, ranging from a small area of 0.1 ha to the largest holding of 4.2 ha (Figure 5.14). 
Most landholdings were between 0.51 and 1.0 ha and only three households owned more than 3.0 
ha. It was not necessarily the case that those with small areas of WS rice land had access to 
additional land types; rather, the larger WS rice landholders also had more of the additional land 
types, and the average area of DS rice land was more than double the average WS rice area (Table 
5.6). As shown below, households with DS rice land can generate USD 1,500 of gross income from 
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the sale of paddy rice, nearly six times greater than those with no DS rice land. However, the 
addition of upland to a household’s portfolio did not make a significant difference to the gross 
income from the sale of non-rice crops, because the DS radish crop cultivated on WS paddy lands 
was the main non-rice income source. 
 
Figure 5.14. Distribution of total land holdings by household, Snao, 2012 
Table 5.6. Ownership of DS rice land and upland by area of WS rice land owned, Snao, 2012 
Area of WS 
rice land (ha) 
% of 
households 
Mean area of DS 
rice land (ha) 
% with an 
upland plot 
Mean total land 
holding (ha) 
< 0.5 39 0.58 68 0.64 
0.5 - 1.0 46 0.90 83 1.36 
> 1.0 15 1.50 88 2.54 
 
5.3.3 Capital assets 
The essential capital assets for farming in the village were livestock and machinery. According to 
the village statistics for 2011, only 56% of the villagers owned cattle, which was a low percentage 
for lowland rice farmers. However, 76% of surveyed households owned cattle because the 
incidence of crop intensification and diversification was higher among the survey sample, and this 
implies a greater need for both manure and draught animal power. The cattle-raising activity is 
analysed in more detail in Section 5.5. 
Despite the widespread availability in recent decades of two-wheeled tractors for land preparation 
and transport, there were only 10 units in the village (Village Statistics, 2011). In 2012 Takeo 
Province reported a total of 8,480 two-wheel tractors, ranking number 5 among the 24 provinces 
(MAFF, 2013). Again, among the surveyed households the incidence was higher but still only 8% 
(5 tractors). These households had purchased tractors only in the previous 2-3 years, investing 
around USD 2,700. Planting radish after harvesting WS rice benefited from mechanical cultivation 
to overcome the hard soil physical conditions and the narrow window between the two crops; hence 
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radish-cultivating households were more likely to use tractor services. However, all still had to rely 
on draught animal power and wooden mouldboard ploughs to form beds for radish cultivation 
(Figure 5.20). 
Given the benefits of on-farm irrigation with underground water, most households (90%) owned a 
pump, costing over USD 200. Tubewells were owned by 95% of households and required between 
USD 120 and 170 to install, depending on the well diameter and depth. One or two radish farmers, 
lacking either a pump or a tubewell, borrowed these from relatives, but there was no rental market. 
The cultivation of non-rice crops which were susceptible to insects and diseases made access to a 
chemical sprayer important. Only 37% of households owned a sprayer but sharing of this equipment 
and other tools was common.  
5.4 Cropping Systems 
5.4.1 Overview 
As in other rainfed lowland villages, WS rice remained the most important crop for Snao villagers, 
despite the additional farming opportunities, including WS and DS radish, EWS rice, and DS rice, 
this being made possible by the exploitation of groundwater as an on-farm irrigation source. Figure 
5.15 presents the annual cropping pattern for the four main crops. Note that WS rice, DS radish 
(two crops), and EWS rice were cultivated on one land type – the WS paddy lands – whereas DS 
rice was cultivated on various types of DS paddy land. The cultivation of WS rice on the northern 
paddy lands was restricted to the zones that were not subject to the risk of extended flooding, but all 
paddy lands on the southern side of the village were unaffected by flooding. WS rice activities 
extended over 8 months, from May to January. Various traditional photoperiod-sensitive rice 
varieties were suitable for a range of transplanting and harvesting dates within this long period. The 
short duration of the radish crop (45 days) and its lower requirement for irrigation compared to rice 
meant it could be cropped twice in the DS (December to April), but only on those plots with access 
to a tubewell. The availability of short-duration photoperiod-insensitive rice varieties has allowed 
for the cultivation in the EWS (April-August), requiring supplementary irrigation to safeguard the 
crop. Mechanised land preparation was commonly used for the DS rice and radish crops, and the 
DS and EWS rice crops were mechanically harvested, mainly by contractors.  
(i) WS rice. Seedbed preparation for WS rice could start as early as May when the chance of rain 
was increasing. Land preparation for transplanting began on fallowed plots without EWS rice, and 
continued to plots where EWS had been planted. Draught animal power was commonly used for 
tillage and transplanting, and was mainly carried out by family labour, given the drawn-out nature 
of the operation. The transplanting period was significantly influenced by rainfall, despite access to 
supplementary irrigation. Sufficient rainfall could allow transplanting to be completed in August 
and September but, if early- or mid-WS drought occurred, transplanting could extend until October. 
Rice varieties with a wide range of maturity times were cultivated in the WS, with early-maturing 
varieties being able to be harvested in mid-November while the harvesting of late-maturing 
varieties could take place in January. The villagers cultivated early-maturing varieties on upper 
paddy land, medium varieties on middle-level fields, and late-maturing varieties on lower fields, to 
correspond with the different durations of water availability down this toposequence. The harvest of 
WS rice was carried out manually and relied on family labour and exchange labour, rather than 
hired labour or mechanization.  
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Figure 5.15. Cropping calendar for Snao 
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A diversity of WS rice varieties cultivated in the village was dependent on subtle differences in 
paddy field ecosystems and also traditional influences and eating preferences. About ten varieties 
were cultivated by the surveyed farmers, but two varieties – Srau Kraham (red rice plant) and Phka 
Khney (ginger flower) were the most popular. These were long-duration, photoperiod-sensitive rice 
cultivars with good yields, averaging 3.2 and 3.4 t/ha in 2011, respectively. The many traditional 
varieties were cultivated on around 70 plots, accounting for 30 ha, while only four Cambodian 
improved rice varieties were cultivated by 7 farmers (Table 5.7). The range of maturation periods of 
the WS rice varieties allowed a gradual harvest from early December, which was favourable for the 
start of DS radish cultivation. The fragmentation of WS rice land across different plots with 
different levels of standing water was an advantage for transplanting varieties with different 
maturity times (though, as mentioned above, it was also a disadvantage in terms of resource and 
labour management).  
Table 5.7. Area and yield of rice varieties cultivated in WS, DS, and EWS in Snao (2011-12) 
Rice variety Mean Median q1 q3 Range 
          Min Max 
Wet season rice 
Srau Kraham (56% of households) 
Area (ha) 0.47 0.41 0.25 0.60 0.10 1.50 
Yield (kg/ha) 3,211 3,191 2,410 3,982 1,200 5,700 
Phka Khney (55% of households) 
Area (ha) 0.40 0.31 0.20 0.50 0.10 1.00 
Yield (kg/ha) 3,374 3,207 2,966 3,925 1,400 5,444 
Other varieties (11% of households) 
Area (ha) 0.31 0.30 0.14 0.50 0.09 0.50 
Yield (kg/ha) 3,214 3,000 2,600 4,000 1,800 4,500 
Dry season rice 
IR504  (47% of households) 
Area (ha) 1.43 1.40 0.85 2.00 0.09 3.00 
Yield (kg/ha) 6,417 6,522 5,500 7,434 4,500 8,360 
Early wet season rice 
IR504 (81% of households) 
Area (ha) 0.40 0.30 0.20 0.50 0.09 1.50 
Yield (kg/ha) 4,197 3,600 2,840 5,100 1,313 8,430 
 
(ii) DS radish. Besides WS rice cultivation, most surveyed households (82%) grew DS radish on 
WS paddy land that was adjacent to the residential areas and had tubewells installed for irrigation. 
The average area cultivated with radish was 0.18 ha, less than one third of the total WS rice land 
ownership; 50% of radish growers cultivated between 0.1 and 0.2 ha and the maximum area was 0.4 
ha. Given the 45-day duration, two crops of radish were cultivated, the first crop between 
November and January, and the second crop between January and April (Figure 5.15). These crops 
relied on groundwater, with a few cases of irrigation from on-farm ponds.  
While WS rice was being harvested, land preparation for the first radish crop, mostly involving 
ploughing by two-wheeled tractor, commenced from mid-November. Draught animal power was 
also used to draw mouldboard ploughs for raising beds, which was necessary to increase root yields 
and prevent waterlogging, despite the short time available. Labour was required for weeding and 
daily watering, whether family labour, exchange labour, or hired labour. Weeding was normally 
carried out by all three types of labour because of the intensive labour requirement to complete the 
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task in a timely manner. Harvesting was also done manually from mid-January and had to be 
completed no later than February to avoid affecting the schedule for the next crop.  The second 
radish crop was cultivated in the middle of the DS and so relied entirely on tubewell irrigation 
because all on-farm ponds were completely empty by this time. 
(iii) EWS rice. In addition to WS rice and DS radish, paddy land was also cultivated with EWS rice 
by the majority of surveyed households (81%). The cultivated areas averaged 0.4 ha, with half the 
households cultivating between 0.2 and 0.5 ha (Table 5.7). The cultivation of EWS rice began soon 
after harvesting the second DS radish crop, traditionally after Khmer New Year in mid-April. It was 
very common to have one or two early showers in late March that enabled the use of the cattle-
drawn mouldboard plough to prepare the land for the EWS rice crop. Even without this early rain, 
the use of two-wheeled tractors and groundwater could overcome the obstacle of hard soil. The soil 
did not need to be puddled, as a soaked condition was adequate for seed germination following 
broadcasting.  
The EWS rice was previously mostly transplanted, but over the last ten years, due to increasing 
labour shortage and wage rates, and also the influence of direct seeding for DS rice cultivation, 
there had been a shift to broadcast seeding in April-May, with an earlier harvest from July till mid-
August. The broadcasting of EWS rice could not be delayed, to avoid affecting the main WS rice 
crop. The farmers managed to complete broadcasting by the end of May, enabling the harvest to be 
completed no later than mid-August. The crop depended on both rainfall and supplementary 
irrigation from groundwater. The amount of precipitation influenced the irrigation frequency.  
The short-duration, photoperiod-insensitive rice variety IR504 was used for EWS rice cultivation, 
with a mean yield of 4.2 t/ha. This variety was introduced by a Vietnamese rice trader who was the 
only paddy rice collector at harvesting time. The rice was mostly harvested mechanically because 
the grain could be affected by extended heavy rainfall as the WS got underway, and there was a 
need to speed up the process to clear the way for land tillage for WS rice. Manual harvesting was 
still practised but reapers and combine harvesters had become dominant. 
According to the cropping patterns in Figure 5.15, there was an overlap between EWS rice and WS 
rice. However, the practice of transplanting WS rice meant there was a nursery stage which only 
required a small area. As noted, EWS rice was cultivated on only part of the WS rice land; 
specifically, the WS rice seedbed was not used for EWS rice. Hence there was still time for a 
turnaround between harvesting EWS rice and transplanting WS rice on the entire WS paddy area.  
(iv) DS rice. Though utilising different lands, the DS rice operation also needs to be integrated into 
this analysis of whole-farm activities because of the competition for labour during the congested 
period in the farming calendar between November and February, including harvesting WS rice and 
cultivating DS radish. Tillage was carried out in August before the fields were inundated with 
floodwater from late September, and the broadcasting of a single rice variety (IR504) was 
undertaken progressively from the upper fields to the lower fields as the water receded, starting in 
late October, depending on the annual floodwater level. Mechanical tillage was necessary because 
the heavy clay soils in this zone were not suitable for draught animal power and labour was 
occupied by WS rice cultivation. Some upper paddy fields on the margins of the flooding zone 
where WS rice was also cultivated (Figure 5.1) were ploughed soon after harvesting the WS rice. 
Two-wheel tractors were necessary for tillage, because animal-drawn ploughs could not cut the 
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fresh rice stubble despite the puddled or wet soil conditions. Delay in land preparation would push 
the crop further into the DS, necessitating increased pumping frequency and higher irrigation costs.  
The lower fields were better suited to surface irrigation but the upper fields needed to rely more on 
groundwater. The lower fields with high bunds could store floodwater from the WS and could also 
be irrigated by pumping from surrounding lakes or reservoirs filled by natural flooding. The 
cropping periods of the upper and lower DS rice fields were a little different due to the receding 
floodwaters but the common pattern was for DS rice to occupy the period between November and 
March. DS rice was harvested by reapers or combine harvesters and relied on hired labour, 
including for threshing and transportation. Because of the distance of the fields, the storage 
constraint, and the narrow market window, DS paddy was not usually transported home but 
stockpiled along truck-accessible roads or collected in the fields by rice traders. The yield of DS 
rice averaged 6.4 t/ha, a third higher than the EWS rice yield. Given that both crops used the one 
variety (IR504), the difference in yields was largely attributable to differences in soil fertility 
between the rainfed and floodplain zones (see Chapter 2).   
5.4.2 Economics of WS rice production in 2011-12 
This section analyses WS rice production as a distinct enterprise, based mainly on the data from the 
household survey.  
Given the traditional practice of transplanting, tillage to prepare the seedbed was carried out 1-3 
times, followed by 1-2 harrowings, before sowing the seed. These activities occurred between April 
and July, the timing being significantly influenced by rainfall; sowing had to be completed no later 
than July, though a few farmers went beyond this deadline. Around 80% of seedbeds received a 
basal dressing of farmyard manure before ploughing and 2-3 applications of mineral fertilizer. 
Seedbeds were also usually irrigated one or two times.  
Preparation of the main fields was carried out between May and August, involving 2-3 ploughings 
and harrowings. Farmyard manure was also applied before tillage and 2-3 rounds of mineral 
fertilizer were applied. Tractors were not used for land preparation in either the nursery or the main 
field. Physically, the paddy soil, soaked by substantial rainfall in the WS, could be tilled by draught 
animal power and a steel-tipped wooden mouldboard plough. Despite the slow performance of the 
cattle, there was no time constraint during land preparation as transplanting was spread out over 3 
months (July-September).  
Crop management after transplanting included the addition of fertiliser, weeding, and 
supplementary irrigation in drought periods. Manual harvesting and threshing were practised 
because the agronomic characteristics of many traditional rice varieties, particularly their long 
stems and high incidence of lodging, made them unsuitable for either reapers or combine harvesters. 
Because of the spread of planting dates and maturity periods, there was no pressure to complete the 
harvest and post-harvest activities in a short time, so small numbers of family workers in labour 
exchange groups gradually carried out the operations.  
The average total labour requirement for WS rice production was 97 labour-days per ha, with half 
the households indicating between 87 and 113 labour-days (Table 5.8). Transplanting and 
harvesting were the most intensive labour operations, each utilising 26% of the total labour input. 
The remaining labour input was spread among the various operations, from establishing the seedbed 
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(5 labour-days for the 0.08 ha required to supply seedlings for 1 ha) through to threshing (6 labour-
days).   
Figure 5.16 presents all the activities of the WS rice production cycle divided into six main stages. 
(An explanation of the labour chart is given in Chapter 3.) Pulling and transplanting seedlings had 
the highest total labour requirement (32 labour-days) and the second highest labour concentration 
(1.1 labour-days per day). As some land preparation and pre-harvest crop management activities 
overlapped with pulling and transplanting seedlings in August-September, the labour concentration 
increased to 1.4 labour-days per day. Harvesting also had a high total labour requirement (25 
labour-days) and the highest concentration, with an average of 1.7 labour-days per day.  
Table 5.8. Labour requirement for WS rice production in Snao, 2011 (labour-days/ha) 
Activities Mean Median q1 q3 Range 
     Min Max 
Seedbed  5 4 4 7 1 9 
Ploughing 8 7 7 9 6 14 
Harrowing 2 2 1 3 1 4 
Pulling 7 7 6 9 3 10 
Transplanting 25 26 29 30 10 28 
Fertilizing 1 1 1 1 1 2 
Manuring 4 3 2 4 0.3 7 
Watering 5 4 4 7 1 8 
Weeding 4 2 2 5 2 11 
Spraying 1 1 1 1 0.2 1 
Harvesting 25 26 25 27 13 36 
Threshing 6 6 5 7 1 14 
Transport 2 2 1 3 0.5 3 
Total labour 97 91 87 113 39 148 
 
 
Figure 5.16. Average labour chart for WS rice cultivation, Snao 
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The material inputs for WS rice production included farm-supplied resources such as rice seed, cow 
manure, and water, and cash expenses, including fertilizers, pesticides, and fuel for irrigation (Table 
5.9).  
The average seed rate was 100 kg/ha based on the transplanted area, which was around 3.6% of the 
mean yield. The seed rate was significantly lower when using the nursery method and transplanting 
than for direct seeding, as practised in DS and EWS rice cultivation (360-380 kg/ha). About 80% of 
the interviewed farmers applied cow manure to their WS rice crop. The average quantity applied 
was 6 t/ha, depending on the number of cattle raised, with half the farmers applying between 2 and 
7 t/ha.  
The application of mineral fertilizers ranged from 1 to 3 applications, but most farmers (around 
90%) were only able to afford a single application. The average fertilizer application rate was 165 
kg per ha, roughly half of which was urea and half di-ammonium phosphate (DAP); this incurred 
the highest cash expense, averaging USD 123 per ha. In spite of spreading manure before land 
preparation, mineral fertilizers were applied by almost every household because the manure 
supplied insufficient nutrients. Over the entire crop year, many paddy plots had a total of 6 
applications of manure and mineral fertilizers, given they were intensively cultivated with 3-4 crops 
(e.g., rice-radish-radish-rice) per year.  
Other cash costs incurred for WS rice production were pesticides, reported by 18 farmers, and fuel 
for supplementary irrigation, used by most farmers. Not less than 80% of WS rice plots were 
supplied with supplementary irrigation, ranging from one to five times. This was for both the 
seedling nursery and the transplanted crop, because seedlings were grown in the EWS when rainfall 
was intermittent, and there was unreliable precipitation in the middle of the WS (see rainfall 
distribution in Chapter 3).  
Table 5.9. Material inputs for WS rice production, Snao, 2011 
Materials Unit Mean Median q1 q3 Range 
      Min Max 
Seed  kg/ha 101 103 69 120 35 180 
Fertilizers kg/ha 166 165 110 206 40 343 
Cattle manure t/ha 6.0 3.8 2.1 7.4 0.3 20.0 
Fuel l/ha 59 50 30 81 2 167 
Pesticides USD/ha 24 11 9 21 3 100 
 
The average yield of WS rice was 2.8 t/ha, with half the households harvesting between 2.1 and 3.5 
t/ha (Table 5.10). The average yield was lower than the reported average yield for Takeo Province 
(3.4 t/ha) and slightly lower than the average national yield (2.9 t/ha) in the same season (MAFF, 
2012). WS paddy land in Snao is mostly of the Prateah Lang soil type which (Chapter 4) produces 
very low yields of between 0.8 and 1.4 t/ha without fertilizer application (White et al., 1997). The 
yield reported by the farmers confirms that soil fertility has been improved through many 
applications of organic and inorganic fertilizers and that the local varieties respond to these 
additional nutrients. 
The costs and returns for WS rice are presented in Table 5.10. Given the average paddy price of 
USD 0.28 per kg obtained by the farmers from harvesting until the interview date (that is, from 
December 2011 to March 2012), the average gross income was USD 760 per ha (after deducting 
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3.6% from the yield for seed). The market price of traditional varieties cultivated in the WS was 
commonly stable throughout much of the year because of constant demand from local and urban 
markets, though the price would rise slightly in the few months before the harvesting period due to 
diminishing supply.  
Subtracting an average of USD 175/ha for total cash expenses (including fertilizers, fuel, and 
pesticides), the net returns to household resources of land, labour, and capital (NRHR) averaged 
USD 580/ha. Half the respondents obtained a NRHR of between USD 465 and 695. Dividing by the 
input of family labour (97 labour-days/ha) gave a return to the household of USD 6.5 per day. 
Though the main purpose of WS rice cultivation was to supply the household’s subsistence needs, 
the net return to the household was a little more than double the prevailing rural wage rate (USD 
3/day). 
Table 5.10. Unit costs and returns for WS rice production, Snao, 2011  
  Unit Mean Median q1 q3 Range 
      Min Max 
Yield kg/ha 2,805 2,805 2,775 2,994 1,111 4,286 
Seed kg/ha 101 101 80 120 35 180 
Net output kg/ha 2,704 2,704 2,643 2,846 944 4,183 
Farm-gate price USD/kg 0.28 0.28 0.28 0.28 0.28 0.28 
Gross income USD/ha 757 757 740 797 264 1,171 
Input expenses USD/ha 176 176 128 212 33 428 
NRHR USD/ha 581 581 465 693 121 985 
Total household 
labour 
labour-
days/ha 97 91 88 113 38 148 
NRL USD/day 6.5 6.6 4.3 7.4 1.6 24.9 
 
In practice, even calculating on a per-hectare basis overstates production because the average 
cultivated area was only 0.6 ha and there were many households (45%) that cultivated less than 0.5 
ha. An analysis based on the average cultivated area was important to understand the contribution of 
the activity to household goals of subsistence production and cash income. Based on the average 
yield (2.8 t/ha) and input expenses (USD 175/ha), the average land holding (0.6 ha) produced 1.7 t 
of paddy grain (Table 5.11). Applying the average yield to the range of cultivated areas suggests 
that half the households, owning between 0.3 and 0.8 ha, could harvest between 0.8 and 2.1 t, with 
the full range being from 0.3 to 5.3 t.  
Assuming (as in Chapter 4) a 5-member household with an annual consumption requirement of 1.25 
t of paddy, and allowing for saved seed (60 kg), the average household produced a surplus of 0.4 t 
(Table 5.11). If sold, this was not quite sufficient to pay for input expenses (USD 130). Only a little 
over one fourth of households, those cultivating from a little under 0.8 ha and above, could secure 
their rice supply and cover their cash input costs (see the analysis for the third quartile in Table 5.11, 
giving a small cash surplus of USD 85).  
In reality, of course, household size varied, such that large households may have had small farms, 
and vice versa. In fact, 11 households (18%) reported a rice deficit based on their 2011 WS harvest, 
ranging from 100 to 1,300 kg. Table 5.12 presents the three main contrasting factors between the 
rice-surplus and rice-deficit households. The rice-deficit households had a significantly (p=0.00) 
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smaller cultivated area (0.3 ha compared with 0.7 ha) and significantly (p=0.07) lower yield (2.8 
t/ha compared with 3.5 t/ha) but more family members on average (though the difference was not 
significant at p=0.10). However, as previously mentioned, many households cultivated EWS rice to 
offset any deficit from the preceding WS crop, as well as to earn additional cash income. The 
impact of double-cropping (WS and EWS rice) on rice consumption and household income is 
presented in Section 5.4.3 below.  
Table 5.11. Estimated rice surplus/deficit and net cash flow from WS rice crop in Snao (2011) 
  Unit Mean Median q1 q3 Range 
      Min Max 
Cultivated area ha 0.6 0.5 0.3 0.8 0.1 1.9 
Output kg 1,655 1,352 811 2,163 270 5,246 
Consumption
a
 kg 1,250 1,250 1,250 1,250 1,250 1,250 
Surplus kg 405 102 (439) 913 (980) 3,996 
Cash income USD 113 29 (123) 256 (274) 1,119 
Cash costs USD 131 107 64 171 21 415 
Net cash flow USD (18) (78) (187) 84 (296) 704 
a 
Assuming five household members. 
Table 5.12. Factors influencing the rice status of households based on WS crop 2011 
 Mean Median q1 q3 Range 
     Min Max 
Rice-deficit households (n=11) 
Yield (kg/ha) 2,839 3,000 2,050 3,550 1,400 4,000 
Cultivated area (ha) 0.27 0.20 0.14 0.40 0.10 0.60 
Total members 5.5 5.0 4.5 6.5 2.0 8.0 
Rice-surplus households (n=51) 
Yield (kg/ha) 3,501 3,287 2,814 4,188 1,280 6,667 
Cultivated area (ha) 0.70 0.70 0.36 1.00 0.20 1.50 
Total members 4.8 5.0 4.0 6.0 2.0 7.0 
 
5.4.3 Economics of EWS rice production in 2011 
Of the 62 households in the survey, 40 households (65%) had planted an EWS rice crop utilising 
WS paddy fields in 2011. Only part of the WS rice field was cultivated with the EWS rice crop, 
averaging 0.4 ha. Figure 5.17 shows the distribution of cultivated area, indicating that most EWS 
rice plots (85%) did not exceed 0.5 ha; the remainder were between 0.51 and 1.0 ha. The lack of a 
tubewell in every paddy plot was the main obstacle to fully utilising the WS paddy lands in the 
EWS. As noted above, land fragmentation limited the area with access to a tubewell, as farmers 
could not afford to install a tubewell in every plot. Farmers chose not to take the risk of cultivating 
rice on plots without on-farm irrigation. Rainfall is uncertain between April and July, even though 
the wet season proper is considered to start in June. A couple of early rains can be favourable for 
germination but the crop would be severely affected by drought in the later stages (see the analysis 
of rainfall distribution in Chapter 3).  
EWS rice was not cultivated before the Khmer Rouge period, even though farmers reported that 
short-duration, photoperiod-insensitive rice varieties were cultivated in the DS. However, the 
number of growers who plant EWS rice has increased over the past 30 years because the small area 
of paddy land meant the WS rice crop was often insufficient to meet household needs, and the EWS 
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crop could also provide some additional cash income. In the 2011 EWS, most plots were cultivated 
with a short-duration, photoperiod-insensitive rice variety, IR504, sourced from Vietnamese rice 
traders, while a minority of farmers chose IR66 – a Cambodian improved variety. The popularity of 
IR504 had been influenced by the expanding market provided by Vietnamese rice traders over the 
last 10 years, indicating that the main purpose of EWS cultivation was to earn cash income. There 
was no market option besides that offered by the Vietnamese traders. However, the farmers had no 
contracts with the traders, hence there was always a risk that the price could fall or that the market 
would collapse.  
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Figure 5.17. Area of EWS rice cultivated in Snao in 2011, by household 
EWS rice had been transplanted over the past 10 years across the area (Chea, 2002). However, the 
agronomic characteristics of the short-duration, photoperiod-insensitive varieties were favourable 
for direct seeding (Figure 5.18). Family labour shortages, the high rural wage rate, and the desire to 
save on fuel and fertilizer costs, have changed the traditional practice of transplanting. Because 
there was no transplanting, land preparation of the main field, including 2-4 rounds of ploughing 
and harrowing, extended from March through May, while the chance of rainfall gradually increased. 
The field was harrowed once after the last ploughing and before broadcast seeding, though in some 
cases 2-3 harrowings were performed. Either dry or pre-soaked rice seed was sown, depending on 
the soil moisture condition. Pre-soaked seed was commonly broadcast onto wet paddy fields if there 
was sufficient soil moisture due to early rainfall, but some farmers decided to sow dry seed rather 
than watering the field if there was no early rain, because they were unwilling to spend cash for fuel.  
Around 50% of EWS rice growers used hand-held tillers for land preparation, mostly hired but with 
a small number using their own. Draught animal power was also used by many households. Since 
harvesting, threshing, and transportation were all performed using hired machinery, including the 
machine operators, they were classified as cash expenses. The small cultivated area allowed the use 
of draught animal power for land preparation, despite the narrow cultivation window, but the urgent 
need for land preparation for the following WS rice crop, the general labour shortage, increasing 
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rainfall, and the available paddy market, had pushed the farmers to hire combine harvesters or 
mechanical reapers to harvest the EWS rice in time.  
 
Figure 5.18. EWS rice cultivated on northern paddy land, Snao, July 2012 
With direct seeding and access to mechanised harvesting, the total family labour requirement (not 
counting the hired services for harvest and post-harvest activities) averaged only 32 labour-days per 
ha, with half the EWS households requiring between 23 and 33 labour-days (Table 5.13). Ploughing, 
watering, and weeding were the activities that required most labour inputs, accounting for 78% of 
total labour-days. All plots of EWS rice required supplementary irrigation, which contributed to the 
high labour input for watering. Most plots (19) required between 1 and 3 irrigations and another 13 
plots received from 4 to 6 irrigations; only a few plots were irrigated with higher frequency. 
Weeding, a labour-intensive operation, was reported by 34 of the 40 households, who mostly 
carried out 1-5 rounds of weeding.  
Table 5.13. Labour requirements for EWS rice production in Snao in 2011 (labour-days/ha) 
Activities Mean Median q1 q3 Range 
      Min   Max  
Ploughing 8 9 6 7 4 18 
Harrowing 2 2 2 2 0.5 5 
Broadcasting 1 1 1 1 0.2 3 
Fertilizing 1 1 1 1 0.2 2 
Manuring 2 2 2 2 1 7 
Watering 7 6 3 7 1 22 
Weeding 10 10 7 12 2 20 
Spraying 1 1 1 1 0.3 2 
Total labour 32 32 23 33 9 79 
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The material inputs for EWS rice production were sourced from the farm’s resources of seed, 
farmyard manure, and irrigation water, with cash outlays required for fertilizers, pesticides, and fuel 
for irrigation, harvest and post-harvest activities which required the largest cash inputs due to the 
use of hired machinery. The average seeding rate was high at 380 kg/ha, with half the growers 
reporting using rates between 320 and 440 kg/ha (Table 5.14). The high seed rate was influenced by 
the practice in DS rice cultivation, which is intended to increase yield through high plant density, 
because EWS rice cultivation has only recently shifted to the direct seeding method.  
Nearly 9 t/ha of cattle manure was the average application, with half the farmers applying between 
6 and 10 t/ha, depending on the number cattle raised, the cultivated area, and the cropping 
frequency. In spite of the high application of farmyard manure before land preparation, mineral 
fertilizers were still applied, once before and once after sowing. Urea and DAP were applied in 
almost equal amounts, averaging 265 kg/ha in total, with half the farmers applying between 170 and 
350 kg/ha (Table 5.14). The mineral fertilizer rate was not reduced in EWS when compared with 
the DS and WS rice crops, because the expectation of a high yield encouraged the farmers to invest 
in fertilizer, while there was no cash outlay for the manure.  
The use of pesticides by nearly 70% of EWS rice growers appeared to be a routine practice, without 
targeting any specific pest or disease outbreak, reflecting the lack of technical support for farmers. 
The average of three applications, but ranging from 1 to 6 applications, also increased production 
costs.  
Irrigation water was not measured but fuel for pumping was recorded and calculated as a cash 
expense. EWS rice growers had to shoulder quite high fuel costs per ha, with the average fuel 
consumption of 170 l/ha, with 50% of farmers also using hired machinery, there was also a fuel cost 
relating to this machinery ranging  between 110 and 230 l/ha.  
Table 5.14. Material inputs for EWS rice production in Snao, 2011 
Materials Unit Mean Median q1 q3 Range 
      Min Max 
Seed  kg/ha 377 360 316 438 160 600 
Fertilizers kg/ha 265 250 167 350 56 556 
Cattle manure t/ha 8.7 6.5 5.6 10.0 1.8 22.2 
Fuel l/ha 171 167 113 231 32 438 
Pesticides USD/ha 103 75 43 114 19 400 
 
An economic analysis of EWS rice is presented in Table 5.15. The average yield was 4.0 t/ha, with 
half the farmers harvesting between 2.8 and 5.0 t/ha. The mean yield was lower than the provincial 
DS rice yield of 4.6 t/ha and the national DS yield of 4.2 t/ha reported for 2011 (MAFF, 2011). 
Deducting 9% of the yield for seed, the average gross income per ha was USD 845, based on a 
paddy price of USD 0.23 per kg received by the Snao farmers, as well as across the province, in 
early 2012. Cash expenses, including the cost of purchased inputs outlined above, and expenditure 
on hired tractors for harvesting and post-harvest services, averaged USD 500. Two thirds of this 
expenditure was for fertilizers and fuel. The average NRHR per ha was USD 340, with half the 
growers earning from USD 90 to 555 (for the average cultivated area of 0.4 ha, the NRHR was 
USD 135.), hence the margin was quite small relative to the cash outlay. Dividing the NRHR per ha 
by the total labour-days gave an average NRL of USD 12 per day. The wide range of crop yields, 
labour inputs and cash expenses, significantly affected the range of values for NRHR and NRL. 
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Despite having negative NRHR and NRL for the poorest yields (1.3 t/ha), half the growers secured 
between USD 3.5 and 18 per day. The figure of USD 12 per day suggests the activity was a 
worthwhile use of the household’s resources, generating either additional cash income or 
supplementing the household’s supply of rice. 
Table 5.15. Unit costs and returns of EWS rice production in Snao, 2011 
  Unit Mean Median q1 q3 Range 
      Min Max 
Yield kg/ha 4,043 4,021 2,860 4,813 1,313 8,000 
Seed kg/ha 377 375 322 423 160 600 
Net output
a
 kg/ha 3,666 3,543 2,470 4,427 1,088 7,568 
Farm gate price USD/kg 0.23 0.23 0.23 0.23 0.23 0.23 
Gross income USD/ha 843 815 568 1,018 250 1,741 
Input costs USD/ha 501 516 381 629 175 792 
NRHR USD/ha 342 338 92 556 (274) 1,318 
Total labour labour-days/ha 32 31 23 33 9 79 
NRL USD/ha 11.7 9.2 3.5 18.0 (10.7) 57.8 
a 
Net of seed retained. 
 
Table 5.16 shows the overall rice situation with double-cropping (WS and EWS rice). The rice 
surplus and net cash flow from the total cultivated area of both WS and EWS rice crops were 
calculated after household rice consumption and seed allocation. The mean area of rice cultivated 
across the two seasons was 1.0 ha, with half the households cultivating between 0.7 and 1.2 ha; the 
smallest area was 0.5 ha. As noted above, only 65% of the survey households cultivated an 
additional EWS rice crop. The mean cultivated area could comfortably produce sufficient rice for 
family consumption and generate a small net cash return (USD 125). All other cultivated areas from 
0.5 ha to 2.3 ha produced a secure  family food supply, despite a negative net cash flow (USD -25) 
for areas smaller than 0.7 ha. The household at the lowest end of the range with 0.5 ha had to source 
USD 120 from other income sources to finance their annual rice consumption. Thus the practice of 
rice double-cropping could at least secure the family rice supply and generate a cash income for 
most farmers. However, household food security and net cash flow could benefit from improving 
on-farm supplementary irrigation to enable full use of paddy land for EWS rice. 
Table 5.16. Estimated rice surplus/deficit and net cash flow from combined WS and EWS rice 
production in Snao, 2011 
  Unit Mean Median q1 q3 Range 
      Min Max 
Cultivated area ha 0.98 0.87 0.67 1.17 0.47 2.31 
Net output kg 3,128 2,771 2,134 3,726 1,497 7,357 
Labour input labour-days 72 64 49 85 34 169 
Consumption
a
 kg 1,250 1,250 1,250 1,250 1,250 1,250 
Surplus kg 1,878 1,521 884 2,476 247 6,107 
Gross cash 
income USD 526 426 248 693 69 1,710 
Cash costs USD 400 354 273 476 191 940 
Net cash flow USD 126 72 (25) 217 (122) 770 
a 
Assuming 5 household members. 
Overall, the addition of EWS rice cultivation shifted the negative net cash flow of USD 18 for the 
average WS crop to a positive net cash flow of USD 125. However, these averages can disguise the 
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situation of rice-deficit households. Table 5.17 presents the impact of EWS rice cultivation on the 
eleven WS rice-deficit households. With only WS rice, the mean rice shortage for these rice-deficit 
households was 600 kg, with a range from 130 to 1,300 kg. Only 6 of the 11 rice-deficit households 
cultivated EWS rice. These six households cultivated, on average, only 0.15 ha of EWS rice, less 
than half the overall average area. They harvested around 570 kg of paddy rice. Hence, even after 
allowing for EWS rice production, the mean rice deficit of the 11 households remained as large as 
290 kg. Only 3 of the 11 households were able to attain self-sufficiency in rice. On average, the 
total cultivated area of rice-deficit households, including both WS and EWS rice crops, was only 
0.4 ha, less than two thirds of the area needed to secure rice self-sufficiency and cover cash 
production costs.  
Table 5.17. Impact of EWS rice on WS rice-deficit households in Snao, 2011 
 
Deficit after 
WS rice 
(n=11) 
EWS rice 
area 
(n=6) 
EWS rice 
output 
(n=6) 
Deficit with WS 
and EWS rice  
(n=11) 
Unit kg ha kg kg 
Mean (603) 0.15 568 (293) 
Median (670) 0.13 605 (260) 
q1 (765) 0.11 465 (740) 
q3 (365) 0.17 700 (25) 
Min (1,290) 0.09 350 (940) 
Max (133) 0.30 700 567 
 
To confirm the impact of the cultivated area on the production of a paddy surplus, a regression 
equation was used to relate the estimated quantity of surplus paddy (kg) as a function of family size, 
WS rice area, and EWS rice area (Table 5.18). The equation was significant (F = 140.85) with an 
adjusted R
2
 of 0.87. The coefficients of the three explanatory variables were all highly significant, 
but there was a high standard error around the intercept. The equation estimates highlights that the 
quantity of the surplus declined with more family members and increased with both WS rice area 
and EWS rice area, with the coefficient for the latter twice that of the former. Hence the addition of 
EWS rice to the cropping system had the primary effect of increasing the marketable surplus. 
Table 5.18. Regression of paddy surplus (kg) on selected variables for Snao survey sample, 2011 
Variable Coefficients Standard error t statistic p value 
Intercept -55.8 302.7 -0.18 0.854 
No. of family members -227.5 53.1 -4.28 0.000 
WS rice area 2394.1 285.9 8.37 0.000 
EWS rice area 4783.6 422.6 11.31 0.000 
n = 62; adjusted R
2
 = 0.87; F statistic = 140.85. 
5.4.4 Economics of DS radish production in 2012 
Of the 62 interviewed farmers, 51 grew white radish as an additional cash crop on WS paddy land. 
The white radish (Raphanus sativus) is an edible vegetable root crop of the Brassicaceae family. 
The crop is commonly consumed as either a cooked or fresh vegetable, as well as a preserved food. 
White radish is commonly found cultivated on the fertile banks of rivers and streams where 
irrigation water is accessible in the dry season. The cultivation of white radish in Snao was carried 
out on paddy fields in the dry season and on upland plots, mainly in the wet season but also in the 
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dry season where there was available irrigation water. Cultivation in the paddy fields was more 
extensive than in the upland plots, in terms of both the number of households and the cultivated area. 
The history of radish cultivation ranged widely among individual growers, from the past few years 
to over 30 years. A few farmers who migrated from the Bassac River area following the collapse of 
the Khmer Rouge regime in 1979 commenced radish cultivation on upland areas, relying on small 
ponds. Since radish is commonly cultivated in a favourable environment and requires intensive care 
from land preparation to harvesting, considerable effort must be made to successfully cultivate this 
crop under the less favourable conditions of WS rice paddies, despite access to on-farm irrigation.  
Radish cultivation on paddy land was stimulated by the access to groundwater irrigation, adding to 
the limited availability of water from on-farm ponds. However, even with groundwater access, only 
a proportion of each household’s paddy fields was cultivated. The average cultivated area was 0.18 
ha, ranging narrowly between 0.1 and 0.3 ha, except for five households in the range 0.3 to 0.4 ha, 
with none over 0.4 ha (Figure 5.19).  
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Figure 5.19. Distribution of area cultivated with radish in Snao in DS 2012, by household 
The paddy field was ploughed soon after harvesting WS rice. Tillage was intensive, with an average 
of 3 passes and in some cases, 4-5 passes. Regardless of the small cultivated area, 43% of radish 
growers preferred the use of a hand-held cultivator for tillage because the fresh rice stubble was a 
problem if using draught animal power with a wooden mouldboard plough. Also, there was a time 
constraint if two radish crops were to be successfully cultivated in the dry season. However, the 
conventional cattle-drawn plough was used for forming the raised beds needed for favourable root 
growth and to avoid waterlogging (Figure 5.20).  
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Figure 5.20. Raising beds by cattle-drawn plough for second radish cultivation, Snao,          
February 2013 
Table 5.19 presents the labour profile for radish cultivation over the 45-day duration of the crop. 
Despite excluding harvest and post-harvest activities, which were undertaken by the radish traders 
at their own expense, the average labour input was still 240 labour-days per ha, with half the radish 
growers employing between 220 and 270 labour-days per ha. The high labour input was attributable 
to the peak labour use for planting, watering, and weeding the crop. Manual sowing and mulching 
the raised beds with rice straw were slow and laborious tasks, consuming 66 labour-days (Figure 
5.21). The use of rice straw for mulching would have affected the supply of feed for cattle if a 
household had a small area of WS paddy land but large cattle numbers. The daily watering was the 
largest labour input requirement, using 83 labour-days (Figures 5.22 and 5.23). One round of 
weeding within the 45-day cultivation period required 54 labour-days because it was a highly 
concentrated operation. The lowest labour inputs were for land preparation, fertilising, and agro-
chemical applications, together requiring about one seventh of the total labour input.  
Such peak labour tasks as sowing, watering, and weeding, offered no alternative techniques that 
could reduce the labour requirement. Two workers were required to handle the hose and pump for 
one round of irrigation, which was of short duration but a daily task. If sprinklers were used, labour 
would remain necessary, though would probably be reduced. Planting and weeding had large labour 
requirements and high concentration because the operating days were not extendable. The use of 
herbicides could reduce the weeding requirement but manual weeding was essential for radish 
cultivation because the activity also breaks up the compact soil surface to facilitate aeration. Thus 
the short duration of the radish crop demanded a sizeable workforce and a high labour concentration 
(an average of 1.0 worker-days per day for a 0.2 ha plot) to cope with the 6-week production cycle. 
A hypothetical one-hectare cultivation would require 5 workers per day, which implies the need for 
a hired labour supply, as few households had this many workers.   
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Table 5.19. Labour requirements for radish production (labour-days/ha), 2012 
 
Mean Median q1 q3 Range 
     Min Max 
Ploughing 14 14 10 18 8 21 
Harrowing 5 5 5 5 2 10 
Bed raising 3 3 3 3 2 3 
Manuring 8 7 6 9 2 13 
Planting 66 64 63 73 64 79 
Fertilizing 3 3 2 3 2 8 
Watering 83 81 73 88 42 126 
Weeding 54 52 49 63 18 73 
Spraying 7 7 6 7 2 16 
Total labour 241 234 218 268 142 350 
 
 
Figure 5.21. Radish plots after planting and mulching with rice straw, Snao, February 2012 
Material input requirements for radish cultivation included purchased items – seed, fertilizers, fuel, 
and pesticides, and non-purchased items, cow manure and water (Table 5.20). The growers 
purchased the radish seed packed in tins from local markets, with the instructions in Vietnamese or 
Thai script. Compared with rice cultivation, the crop appeared to require a level of high nutrient 
inputs in the form of mineral fertilizer as well as cattle manure, because the paddy soils were of low 
fertility compared to the riverbank and upland areas where radish was traditionally grown. Further, 
given the purely commercial nature of the crop, farmers were encouraged to use higher fertilizer 
rates in exchange for attractive returns. The average application of fertiliser in each crop cycle was 
385 kg per ha (more than 7 bags) and of 12 t per ha
7
 of cow manure. Three types of mineral 
fertilizers, urea, DAP, and NPK, were applied in roughly equal amounts.  
                                                 
7
 Rashid and Singh (2000) report that radish seed production in Bangladesh utilised as much as 30 t/ha of manure or 
compost and greater than 700 kg/ha of various mineral fertilizers. 
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Figure 5.22. Weeding the radish beds by hired and exchange workers, Snao, February 2012 
 
Figure 5.23. Watering and harvesting the radish crop by hired labour, Snao, March 2012 
Due to daily pumping, the average fuel consumption was around 370 l per ha per season. Pesticides 
sprayed to control leaf-eating caterpillars or insects also contributed to the high production costs, 
because they were expensive and were applied, on average, 5 times. The high total cost of 
purchased inputs (USD 1,060 per ha, or USD 190 for an average-sized plot) posed a capital 
constraint for farm households with limited cash flow, despite the short investment period. Higher 
production costs could be incurred if family labour and other household resources were in short 
supply. Many radish growers reported taking a loan for material inputs from traders which was paid 
off after the sale of the radish crop. However, the village head rejected the idea that a large number 
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of households had farming debts, claiming that most radish growers had sufficient working capital 
to finance radish cultivation.  
Table 5.20. Material inputs for radish production, 2012 
Materials Unit Mean Median Q1 q3 Range 
      Min Max 
Seed  kg/ha 6 6 5 7 1 13 
Fertilizers kg/ha 385 393 285 500 60 682 
Cattle manure kg/ha 12,077 10,000 7,500 15,000 1,923 30,000 
Fuel l/ha 367 300 225 450 94 900 
Pesticides USD/ha 275 227 135 397 38 775 
 
Though aware of the market price for radish (USD 0.12 per kg), growers were unsure of the precise 
output or yield from their plots, because the crop was harvested by the traders and paid for on the 
basis of harvested area. The traders visited the plots a few weeks before harvesting to evaluate the 
estimated crop output and an agreement was made as to the total payment due. In these negotiations 
the growers were normally price-takers. The growers preferred to regularly deal with a familiar 
trader whom they trusted, despite reports of a small number of traders offering a less competitive 
price. The agreement appeared to be an informal contract and it depended on mutual trust after 
many years of having a business relationship. Nevertheless, some conflict between the two parties 
was inevitable, because the growers could fail to continue supplying sufficient irrigation and crop 
care after an agreement was made, which would severely affect the crop yield, resulting in the 
trader sometimes declining to uphold the oral contract. This was not a common problem but it 
occurred in 2012, as reported by the village head and farmers nearby the failed radish plot. The 
growers could also face the risk of unethical conduct by the traders because the payment was 
commonly made after the traders had delivered the radish to the wholesale markets in Phnom Penh, 
with the traders then failing to pay the farmers. Despite being a rare risk, two radish growers had 
continued to follow up a radish trader who did not return to Snao to pay for their radish crop in the 
year before the household survey. There was unlikely to be any future business opportunities in the 
village for such a discredited trader.  
An economic analysis of DS radish cultivation on paddy land is presented in Table 5.21. The mean 
gross income was USD 2,760/ha, with half the radish farmers obtaining between USD 1,830 and 
3,020/ha. Variation in gross income per ha was influenced by soil type, fertilizer application rate, 
irrigation supply, and the intensity of crop care, because the market price assessment was carried 
out a couple of weeks before harvesting and, though based on the cultivated area, it took account of 
the expected yield. The average total cash expenditure was USD 1,020, incurred largely for the 
costs of fuel, fertilizers, and pesticides. The NRHR per ha was USD 1,740 after deducting the cash 
costs from the gross income, with half the growers earning between USD 920 and 2,020. Hence the 
ratio of cash receipts to cash outlays was about 2.7, indicating a healthy return on the capital 
invested in just a 6-week period. The NRHR divided by the large total labour input (240 labour-
days) gave an average net cash return to family labour (NRL) of USD 7 per day, with half the 
growers earning between USD 4 and 9 per day. The NRL can also be considered an attractive return 
to farm family labour under these rainfed lowland conditions with limited alternative use of labour 
in the dry season. But it was significantly smaller than the NRL for EWS rice, despite the NRHR 
being much higher. 
 
 136 
Table 5.21. Unit costs and returns for DS radish production, Snao, 2012 
   Unit Mean Median q1 q3 Range 
      Min Max 
Gross income USD/ha 2,760 2,760 1,829 3,021 976 6,652 
Seed USD/ha 63 63 49 69 37 122 
Fertilizers USD/ha 290 290 234 385 46 525 
Pesticide USD/ha 259 267 149 349 38 659 
Fuel USD/ha 406 392 274 426 114 915 
Input expenses USD/ha 1,018 1,009 845 1,113 587 1,624 
NRHR USD/ha 1,742 1,582 915 2,015 93 5,484 
Total labour labour-days/ha 241 234 218 268 143 350 
NRL USD/day 7.3 6.5 4.0 9.2 0.3 24.2 
 
To put this budget analysis in perspective, Table 5.22 presents the costs and returns for the actual 
cultivated area, which averaged only 0.18 ha. The mean gross income was USD 510, with half the 
radish growers generating between USD 280 and 710. Deducting the production costs, the average 
NRHR was USD 320. Half the households earned between USD 180 and 440. For the mean 
cultivated area, the total cash cost (USD 190) was also more affordable and the total labour input 
(43 labour-days) was also feasible for family labour. Though the cultivated area was small, many 
farmers cultivated two successive crops, doubling the NRHR (USD 640). Even extending the total 
cultivated area to the maximum of 0.8 ha, the working capital and labour requirements were within 
the reach of many farm households and produced attractive net cash returns.  
Table 5.22. Costs and returns per farm-household for DS radish production, Snao, 2012  
  Unit Mean Median q1 q3 Range 
            Min Max 
Cultivated area ha 0.18 0.15 0.10 0.25 0.05 0.40 
Gross income USD 509 424 283 707 141 1,132 
Input costs USD 191 159 106 265 53 424 
NRHR USD 318 265 177 442 88 708 
Total labour labour-days 43 36 24 60 12 96 
 
As noted above, radish was also planted on small upland plots in the EWS and WS, making use of 
farm ponds for supplementary irrigation. The WS crop was cultivated by 50% of the surveyed 
households, most of those with upland plots, and produced an average gross income of USD 520 
from 0.17 ha, comparable to the income from DS radish on paddy land (Table 5.23). Only a 
minority of farmers (11%) cultivated EWS radish, generating USD 95 on average from a similar 
cultivated area (0.17ha).  
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Table 5.23. Area and gross income of radish crop by season and land-type, Snao, 2011-12 
Crop activity Mean Median q1 q3 Range 
          Min Max 
Wet season 
Upland fields (50% of households)     
area (ha) 0.17 0.15 0.10 0.22 0.05 0.40 
income (USD) 520 375 229 713 25 2,250 
Dry season 
Paddy fields (82% of households)     
area (ha) 0.18 0.15 0.1 0.25 0.05 0.4 
income (USD) 509 424 283 707 141 1,132 
Early wet season 
Upland fields (11% of households)     
area (ha) 0.17 0.20 0.13 0.21 0.05 0.30 
income (USD) 95 100 75 125 50 125 
 
5.4.5 Economics of other DS non-rice crops in 2013 
Despite radish producing high returns, around two thirds of the farm households in the village as a 
whole did not grow radish but cultivated alternative non-rice crops on paddy land in the dry season,  
mainly cucumber, water spinach, watermelon, and mungbean. A supplementary survey of 17 non-
radish households was carried out in April 2013. Of these, 14 households confirmed that family 
labour was the major constraint for radish cultivation. The high input cost and the unfavourable 
condition of the paddy fields were also mentioned as constraints by nearly half the non-radish 
households. Around one third indicated that they relied on alternative crops and other income 
sources, or that they rejected radish cultivation due to the hard work required. The cultivation of 
cucumber, one of the most widespread alternative crops, also required a high total labour input, 
equivalent to the labour input for radish (240 labour-days per ha). This crop required low cash 
expenses but also returned less than half the NRHR of radish. Hence, in this case, the cash 
requirement appeared to be the factor constraining the farmers’ crop choice. No farmer mentioned 
issues of soil suitability, confirming the results of the soil analysis presented in Section 5.2.2. 
Table 5.24 summarises the key farm resources that could potentially influence the crop choices 
between the two groups of farm households – radish and non-radish farmers. On average, radish 
households had slightly more workers (3.7) than non-radish households (3.3), but these means were 
not significantly different at p=0.10. Almost all households in the two groups had WS rice land and 
the mean areas were not significantly different. A similar proportion of the two groups (40-50%) 
also had DS rice land (DS rice could compete for labour and capital, but not land, with DS non-rice 
crops). The non-radish farmers with DS rice land averaged more area (1.2 ha compared with 0.8 ha). 
A significantly (p=0.00) higher proportion of the radish households (84%) owned an upland plot, 
though those non-radish farmers with an upland plot (29%) had a larger area (0.4 ha compared with 
0.2 ha). The incidence of pumps and tubewells was high (>80%) in both groups. The larger 
holdings of DS rice land and upland plots could have provided some of the non-radish households 
with sufficient income, reducing their incentive for radish cultivation. However, in general, there 
were only narrow differences between the two groups in the measured variables.  
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Table 5.24. Farm resources of non-radish and radish farm households in Snao, 2013 
 
Family 
labour 
WS rice 
area (ha) 
DS rice 
area (ha) 
Upland 
area (ha) 
Pump Tubewell 
Non-radish households (n=17) 
No. households 17 17 7 5 14 16 
% 100 100 41 29 82 94 
Mean 3.3 0.60 1.24 0.37 1.1 1.3 
Radish households (n=51) 
No. households 51 49 24 43 48 49 
% 100 96 47 84 94 96 
Mean 3.7 0.62 0.76 0.19 1.2 1.0 
 
Table 5.25 shows the major income sources and mean annual incomes for radish and non-radish 
households. Only a minority of households in each group earned cash income from the sale of WS 
rice, with non-radish households averaging more income from this source than radish households. 
About two thirds of the households in each group earned cash income from EWS rice, with non-
radish households again averaging more income from this source. Likewise for DS rice, about a 
quarter of households in each group cultivated this crop but the non-radish households earned 
significantly more cash income on average. Unsurprisingly, almost all radish farmers received 
income from non-rice crops (two farmers who cultivated radish in 2012 did not do so in 2013 at the 
time of the follow-up survey) and averaged more than twice the income from this source than non-
radish farmers. A higher proportion of non-radish farmers also earned income from livestock and 
from non-farm work, averaging nearly twice as much income from the latter as radish farmers. It 
appears that the higher cash income from non-farm work and sales of the three rice crops provided 
sufficient income for the non-radish farm households and also left no time or resources to cultivate 
radish.  
Table 5.25. Major sources of annual gross cash income for non-radish and radish farm households 
in Snao, 2013 (USD) 
Income source WS rice 
EWS 
rice 
DS rice 
Non-rice 
crops 
Live-
stock 
Farm 
wages 
Non-
farm 
work 
Non-radish farmers (n=17) 
No. households 5 12 4 7 10 2 10 
% of households 29 71 24 41 59 12 59 
Mean gross 
income (USD) 272 645 2,259 311 301 77 789 
Radish farmers (n=51) 
No. households 13 33 11 49* 18 18 15 
% of households 25 65 22 96 35 35 29 
Mean gross 
income (USD) 183 395 1,527 816 643 150 453 
*Two radish growers did not plant radish at the time (2013) of the follow-up survey 
5.4.6 Economics of DS rice production in 2012 
Almost half the households (47%) surveyed in the original survey owned DS rice land with 
irrigation, but only half the DS landholders reported cultivating the crop in 2012. Some of those not 
cultivating DS rice directly, rented out their land for a share of the harvest, but most allowed the 
land to be farmed by their independent children or close relatives. The average area cultivated was 
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0.85 ha, with half the landholders owning between 0.7 and 1.0 ha; the maximum area was 3.0 ha. 
The average per hectare figures below (Table 5.26) give a good approximation of the actual inputs 
and outputs of the average farm. DS rice cultivation was carried out regardless of whether the farm 
household also grew EWS rice and DS radish, because there was no land constraint, DS rice being 
cultivated on a distinct land type. The adoption of DS rice occurred after the availability of 
photoperiod-insensitive, short-duration rice varieties and the development of dams and canals. The 
crop was fully irrigated with floodwater stored in the paddy fields, lakes, and canals, as well as with 
groundwater. Only a single rice variety (IR504) was cultivated in the dry season because the market 
for production inputs and paddy rice was fully controlled by Vietnamese rice traders and markets. 
IR504 was released in Vietnam and introduced to Cambodia by Vietnamese rice traders. 
DS rice cultivation relied heavily on financial outlays for both material inputs and farm operations 
from land preparation to harvest and post-harvest activities. Household inputs for DS rice 
production included only saved rice seed because the distant location constrained the transportation 
of cow manure, which in any case was in short supply due to the intensification of cropping on the 
WS paddy lands. The DS rice land was also considered to be more fertile due to the annual deposits 
of fresh alluvium from the flooding Bassac River. Because DS rice was a commercial crop with 
high expected income, and the variety planted was a modern, fertilizer-responsive variety, the 
growers were encouraged to invest more in mineral fertilizers to harvest the highest yield.  
The material inputs are indicated in Table 5.26. The mean seed rate was 360 kg/ha, the high rate 
being attributable to the practice of broadcasting. Farmers perceived that high plant density would 
increase yield. The fertilizers were applied at an average rate of 290 kg per ha, with similar amounts 
of urea and DAP. Average fuel consumption for pumping was 215 l/ha but was significantly 
influenced by the source of water – whether groundwater, lake, or canal – as well as the field 
location and topography, creating a wide range in fuel consumption. All DS rice growers reported 
that agrochemicals were applied, ranging from 1 to 6 applications. Farmers appeared to be targeting 
weeds rather than any specific insect pests.  
Table 5.26. Material inputs for DS rice production in Snao, 2012 
 Unit Mean Median q1 q3 Range 
Seed kg/ha 360 400 300 421 153 477 
Fertilizers kg/ha 291 328 158 404 125 500 
Fuel l/ha 213 165 117 311 32 480 
Pesticides USD/ha 101 75 48 121 35 325 
 
Paid-out costs included the cost of purchased inputs – inorganic fertilizers, fuel for irrigation, and 
pesticides – and the contract costs for land preparation, harvesting, and post-harvest operations. The 
average family labour input was significantly reduced (compared with WS rice) to 15 labour-days 
per ha because the major activities, including land preparation, applying fertilizer, spraying weeds, 
harvesting, and post-harvest operations, were undertaken using machinery.  In addition, harvesting 
and post-harvest operations were contracted out.  
The use of a reaper with thresher or a combine harvester, was necessary for DS rice because farm 
labour was scarce in the dry season due to seasonal out-migration. All DS rice growers surveyed 
reported the harvest operation was carried out by a contractor, because none of them owned the 
needed machinery. Moreover, delays in harvesting would create additional costs as the rice traders 
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were commonly present in the village during the harvesting period and if the paddy was not sold 
then the farmer would have to undertake post-harvest operations, storage, and transportation. The 
distant location of the DS paddy land was also a constraint to transporting paddy home if the crop 
was manually harvested. The total cost of mechanised harvest and post-harvest operations was 
slightly lower than the cost of hiring labour to perform the same tasks. Hiring machinery services 
was an alternative means for labour-constrained households and also an affordable cost for most of 
the households practising intensive cropping. 
An economic analysis of DS rice production is presented in Table 5.27. The mean yield of DS rice 
was 6.0 t/ha, with half the growers harvesting between 2.9 and 8.3 t/ha. The high solar radiation in 
the DS, the high yield response to fertiliser of the modern variety, and the fertile soil resulting from 
annual flooding, produced considerably higher yields than traditional rice varieties cultivated on 
non-flooded land of poor fertility in the WS. The average DS rice yield was also far higher than the 
average yields at both the provincial level (4.8 t/ha) and the national level (4.4 t/ha) in the 2011-12 
season (MAFF, 2012). The mean gross income was USD 1,305 per ha after reserving 6% for seed, 
given the prevailing paddy price of USD 0.23/kg over the 3 months of the harvesting period. 
Deducting USD 750 of total cash expenditure from the gross income, the mean NRHR was USD 
560/ha. The costs of fuel and fertilizers together accounted for nearly 60% of the total cash 
expenditures, followed by the costs of land preparation and agrochemicals.  
The small input of family labour contributed to the large mean NRL (USD 62 per day), with half 
the growers having between USD 20 and 95 per day. However, since DS rice was an entirely 
commercial activity and used a significant amount of working capital but an insignificant input of 
family labour, the NRHR was the most appropriate economic measure of performance. Given the 
high yields, DS rice generated a high gross income and a high NRHR. The ratio of gross income to 
cash expenses averaged 1.75, suggesting a good return to the capital invested. The cash flow 
provided an important additional source of income in the DS for those households that owned the 
necessary land.  
Table 5.27. Unit costs and returns for DS rice production, 2012 
  Unit Mean Median q1 q3 Range 
      Min Max 
Yield kg/ha 6,032 6,102 4,522 7,467 2,909 8,360 
Seed kg/ha 360 400 300 421 153 477 
Net output
a
 kg/ha 5,672 5,752 4,210 7,057 2,756 7,960 
Farm gate price USD/kg 0.23 0.23 0.23 0.23 0.23 0.23 
Gross income USD/ha 1,305 1,323 968 1,623 634 1,831 
Input costs USD/ha 747 768 541 889 360 1,169 
NRHR USD/ha 558 470 258 750 139 1,219 
Total labour labour-days/ha 15 13 10 15 1 46 
NRHR/day USD/day 62 40 19 95 3 192 
a 
Net of seed retained. 
5.5 Cattle Raising 
5.5.1 Cattle ownership 
The cattle farmers in this village commonly referred to the white, large-framed Haryana-cross cattle 
as “river cattle” and the small yellow-brown cattle as the local breed or (kor srok) (Figure 5.24). 
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The Haryana cattle were initially raised mainly in riverine areas where green feed was more 
abundant, because the larger breed requires good quality feed and a cooler environment. It was 
observed that most of the cattle kept in this village were white Haryana-cross cattle and of fairly 
good build (Figure 5.25). This could have been influenced by trading with farmers in the nearby 
Tonle Bassac area where the white breed was prevalent.  
 
Figure 5.24. Local breed of yellow cattle (kor srok) tethered for grazing on WS paddy field            
in DS in Snao, March 2012 
As well as providing the regular services of draught power and manure, cattle were a store of 
accumulated wealth for urgent access. However, of the 277 households in the village, only 154 
(56%) raised cattle. There were 312 head of cattle in the village, implying a stocking rate of 0.9 
cattle/ha (Village Statistics, 2011). The role of mechanization in DS and EWS rice and DS radish 
crops may have been a significant factor affecting the number of cattle households in the village. 
The household survey indicated that 5 of the 62 households owned a two-wheel tractor and the 
village statistics recorded 10 tractors across the village in 2011. However, given the practice of 
hiring, 10 tractors may have been sufficient for a village in this region, enabling more farmers to 
replace draught animals with mechanised land preparation provided on a contract basis. Overall, 
Takeo Province was among those with the highest number of hand-held tractors in Cambodia (see 
Section 5.3.2). However, the integration of cattle and mechanisation was an important feature of the 
emerging cropping system, including both rice and DS radish.  
Of the interviewed farmers, 63% owned cattle and 16% were “cattle keepers”, having no cattle of 
their own (Table 5.28). This may reflect that the survey sample had a greater incidence of intensive 
cropping, for which cattle were needed, not only to provide draught power but also to supply 
manure. Moreover, the higher income from intensive cropping may have enabled these farmers to 
acquire more cattle. The mean number of cattle kept by the cattle-owning households was 2.8 head 
valued at USD 1,680. Half the cattle owners raised between 2 and 4 head. The ratio of 
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cows:bulls:calves in the survey was 1.5:1.0:0.6. Cows were kept by 55% of the interviewed farmers, 
bulls by 37%, and calves by 31%. As observed in Chapter 4, farmers in Snao also preferred to keep 
a pair of bulls to provide draught power for land preparation and transportation, and one or more 
cows to produce calves, mainly for replacement. However, cows were also used for draught power 
in many cases because poorer households could only afford to keep cows and their role in providing 
calves was essential to maintain the herd. It was not the practice to pair a cow and a bull for 
ploughing, so if a household could only afford two adult animals it was better to have two cows. 
Cows used for draught could be confined to lighter work such as bed forming, because tillage could 
be carried out by two-wheel tractors, whether owned or hired.  
 
Figure 5.25. A white Haryana-cross bull tethered for grazing on ploughed paddy land                     
in Snao before second radish cultivation, February 2012 
Table 5.28. Numbers and value of cattle owned and/or kept by cattle-rearing households in Snao,    
by category (2011) 
  Unit Cattle Cows Bulls  Calves 
Households (%) 79 55 37 31 
Mean No. head 2.8 1.7 1.7 1.3 
  USD 1,682 902 1,609 423 
Median No. head 2 2 2 1 
  USD 1,216 1,058 1,850 335 
q1 No. head 2 1 1.5 1 
  USD 1,216 529 1,388 335 
q3 No. head 4 2 2 2 
  USD 2,432 1,058 1,850 503 
Range No. head 1-6 1-4 1-2 1-2 
  USD 608-3,648 529-2,116 925-1,850 335-670 
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Though traditionally farmers would acquire cattle from their parents and through calving, the 
incidence of purchasing cattle, especially good breeds, had recently increased. About a quarter of 
cattle-owning households occasionally traded cattle. Purchases had been made over the last ten 
years but most bulls in the village herd had been bought since 2010. The market price for a bull was 
reported to be USD 925, for a cow, USD 565, and for a calf, USD 335 (Table 5.29). A Haryana bull 
or Haryana-local cross with good live-weight and condition could be valued at USD 1,250. The 
animal’s age also influenced the market price because the farmer was mainly investing in draught 
power for the long term. The market price of a young bull was double that of a young cow, despite 
both being Haryana-local crosses from the riverbank regions (Maclean, 1998). 
Table 5.29. Reported market prices of cattle in Snao in 2011 (USD/head) 
  Cow Bull Calf 
Mean 565 925 335 
Median 625 875 375 
q1 500 750 375 
q3 625 1125 375 
Range 375-750 625-1,250 50-500 
 
Concerning the practice of cattle keeping, 33% of cattle-rearing farmers, of which half also owned 
cattle, were engaged in this kind of traditional contract, the terms of which were almost identical to 
those reported in Chapter 4. Most had commenced the arrangement in recent years and the 
relationship between cattle owners and keepers was that of relatives, friends, or close neighbours. 
Though this was a favourable practice for poor households, the cattle keepers were not all without 
cattle of their own but had available labour to look after additional cattle. Only cows were 
exchanged for keeping because the main purpose of the contract was for the keeper to benefit 
through acquiring a calf, as well as the additional benefit of farmyard manure. The keepers seemed 
not to be able to use the cows for draught power because it would significantly impact on 
reproduction, thereby potentially inflicting a double loss on the owner, foregoing both the cow’s 
services and potentially the production of a calf. Both parties could benefit from the practice if the 
cattle keeper was responsible and looked after the animals well. 
5.5.2 Cattle management 
Free grazing across the village lands is still extensively practiced in the rainfed lowland 
environment, but this was certainly restricted in Snao, even in the dry season when the radish crop 
was cultivated immediately after harvesting WS rice. Free grazing was still carried out on distant 
paddy fields, a few kilometres from the village, but not many cattle owners practised this. Free 
grazing required a full-time worker to control the cattle and keep them out of crops. It was more 
likely to be practised during school holidays because children would be available to manage the 
grazing herd. In the morning the children would bring the household’s few cattle to herd together 
with other cattle in the free grazing lands and herd them home before sunset. The cattle frequently 
experienced a feed shortage because there was insufficient green feed in the dry season, but the 
schoolboy cowherds typically did not pay much attention to this issue. There was also a risk that 
animals could be lost. While the author was speaking to an older woman to learn the history of 
migration and village settlement during a village walk in March 2012, her grandson came running 
home crying because one the two cattle that he had been herding with other animals had 
disappeared. His mother and elder sister immediately cycled out to trace the cow.  
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Tethered grazing was practised by every cattle farmer. The cattle were tethered on the uncultivated 
parts of their paddy fields (next to the radish plots) from December, when the WS rice had been 
harvested and there was fresh stubble and native grasses available, until all the paddy fields were 
tilled for the next WS rice cultivation in July. With tethered grazing, there was no requirement for a 
designated worker to control the cattle, and any available family member could shift the animal to a 
fresh parcel of land after grazing for a couple of hours because the grazing fields surrounded the 
residential areas. Tethered grazing was safe for both the animal itself and the crops, and also a 
labour-saving practice, but the feed was generally inadequate in quantity and of poor quality, 
because the soil retained no moisture to support the regrowth of native grasses and the rice stubble 
was very dry and of low nutritional value after February (Figure 5.26). When the WS started and 
the native grasses recovered, the paddy fields were also being ploughed. Some farmers with larger 
residential lands or upland plots had an additional source of green feed that was favourable for 
tethered grazing. Under tethered grazing, the cattle had to be brought to a pond or well for drinking 
and bathing around midday. In the heat of the day, farmers preferred to move their cattle to shady 
areas under trees or under the house, and supplied the cattle with rice straw or collected native 
grasses.  
 
Figure 5.26. Cattle tethered for grazing on paddy fields to north of radish plots in Snao,           
March 2012 
Whether or not there were sufficient grazing resources in the fields, when the cattle were confined 
in the houseyard they were fed with rice straw as a supplementary feed. The rice straw from the WS 
and EWS rice crops was generally sufficient to feed the cattle for nearly the whole year (the distant 
location of the DS paddy fields and the use of mechanised harvesting were unfavourable for 
collecting and transporting DS rice straw home for cattle). Straw bundles that were properly tied 
and stacked could be protected from rainfall and maintained in good quality for a long period 
(Chapter 4). Manual threshing meant that rice straw could be tied in a bundle ready for 
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transportation and conservation. Cattle owners who cultivated radish could experience a shortage of 
rice straw for feed because straw mulching of the radish crop was necessary, but the radish provided 
some green materials in return (see Section 5.4.3).  
In the WS, the cattle were confined in the village on residential land and along the roads, with their 
feed supply consisting entirely of rice straw and naturally occurring green materials. Around 80% 
of cattle owners indicated that it was necessary to allocate some time each day to collect native 
grasses to feed their cattle from the transplanting period through to harvesting of WS rice (June to 
December). Grass collection was carried out every day unless there was no available labour. Grass 
was available along the roads, along paddy field bunds, and in any uncultivated, flood-free land.  A 
few cattle keepers who were highly concerned about weight gain occasionally went as far as 10 km 
to surrounding lake areas to collect good quality grass. Only 2 cattle owners reported that they had 
purchased grass. Some farmers also frequently walked one or two animals to graze poor-quality 
native grass along roads, footpaths, oxcart tracks, canals, or paddy field bunds. However, grass 
collecting was not a priority; it was considered a supplementary source of feed, with a couple of 
hours of free time being spent per day to slowly move around by bicycle or on foot. Spreading 
farmyard manure on paddy field bunds to promote the growth of native grasses in the WS was 
commonly practised in many areas of Takeo Province but the practice was not seen in Snao because 
farmyard manure was in high demand for year-round cropping. The requirement for green feed also 
encouraged farmers to carry out regular manual weeding in their paddy fields.  
Radish and cucumber cultivation areas were favourable for collecting grasses in both the WS on 
upland plots and the DS on the paddy fields, because the high nutrient application and daily 
watering increased the growth of weeds (Figure 5.27). Because of this extra feed source, harvesting 
native grasses from other locations seemed to not be a major constraint. Though the grazing area 
was severely restricted in the WS, the cattle appeared to have a fairly balanced intake of green feed 
and rice straw, despite requiring labour and time.  
Keeping cattle did not to require a high annual cash expenditure, besides the initial considerable 
capital investment if cattle were not inherited or obtained through natural increase, because family 
labour was the key input for raising cattle and providing their feed supply. There was also little 
competition for labour between cattle keeping and crop cultivation, since the requirement for cattle 
management was more flexible, depending on available labour and time. Both vaccination and 
treatment, the only cash costs, were provided by the village veterinary agent. Cattle vaccination, in 
particular for foot and mouth disease (FMD), was a very minor cost because the vaccination 
program was annually provided by the Department of Animal Health and Production (DAHP) of the 
Ministry of Agriculture, Forestry and Fisheries (MAFF). But, as seen in Chapter 4, treatment for 
diseases, mostly FMD, could be more costly because it was provided through private veterinary 
businesses. The total costs of vaccine and treatment reported by cattle farmers ranged from USD 1 
to over USD 110, with an average of USD 24. Most cattle farmers incurred no large cash expenses 
which would be a potential constraint to rearing cattle. The high incidence of regular vaccination 
indicates that farmers were well aware of the need to prevent disease outbreaks, though the fact that 
more than half the cattle farmers incurred treatment costs suggests that the vaccination service could 
be improved.  
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Figure 5.27. Collecting native grasses from a cucumber plot in Snao in DS, March 2012 
5.5.3 Cattle productivity 
The productivity of cattle needs to be considered in relation to the three main outputs of producing 
calves, providing draught power for land preparation and transportation, and producing a stockpile 
of farmyard manure as an input for crop production.  
Draught animal power was a cash-saving alternative to mechanised land preparation, whether 
rented or using the farmers’ own tractors. However, despite the high incidence of cattle ownership 
(79%), only a third of cattle owners had a pair of bulls for the most effective ploughing and only a 
quarter of them actually used cattle to plough their lands (WS paddy fields and upland land parcels). 
The intensive cropping system that had evolved required mechanization of key operations due to the 
time constraint. Nevertheless, because of the small size of the WS rice nursery and upland plot, 
cattle were considered more suitable for ploughing and harrowing these plots. Draught animal 
power was also the preferred means for raising beds for radish cultivation, and cows could readily 
do this kind of lighter work. Technical assistance could change the traditional practice of using a 
cattle-drawn plough for raising beds, as a two-wheel tractor with a prototype tool can efficiently 
form the beds (Figure 5.28). Cattle also continued to be an important transport mode within and 
beyond the farm. Oxcarts were used to transport farmyard manure to the paddy fields before land 
preparation, and also to bring home the paddy rice and rice straw after harvesting. Sometimes farm 
households also used their oxcart to transport farm outputs to the local market or rice mill, and to 
bring farm inputs and milled rice home.  
Cattle owners accumulated an average of around 5 tonnes of farmyard manure per year, ranging up 
to 12 tonnes. At night, cattle were confined under the houses (which were raised about two metres 
off the ground) or under trees within the houseyard, or sometimes in simple cattle shelters next to 
the house. The cattle owners cleaned the confined cattle area in the mornings and collected all the 
manure to pile up under shelters or store in manure pits within the residential area. Before land 
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preparation for WS rice, the manure was commonly transported to the field by oxcart. However, 
households which raised only a cow and a calf needed to pay for the services of a two-wheel tractor 
with an operator, both for transporting manure and land preparation.  
 
Figure 5.28. Two-wheel tractor forming narrow beds for experimental field of mungbean,   
February 2011 
Farmyard manure was also essential for non-rice crops, including radish and cucumber, even 
though they received a high rate of mineral fertilizers. The common practice was to spread the 
manure before harrowing or, alternatively, to apply a handful of manure to each hill if there was a 
manure shortage. The application of manure not only supplied nutrients to the soil but also helped 
to loosen the compacted soil surface, especially after watering. Farmyard manure had a 
considerable monetary value, even though it was a non-market input, because it could minimise 
expenditure on mineral fertilizers. Because of the high value of manure, cattle owners always kept 
their cattle grazing on their own paddy fields. Though there was no official regulation, cow manure 
on paddy land could only be collected by the landowner.  
Cattle owners expected to see their cows calve every one or two years. Whether the calf was male 
or female, and whether it was retained or sold, it was an important asset to the farm household. The 
sale figures show that mostly mature cattle were traded. Farmers indicated that 18 months was the 
average calving interval, ranging between 12 and 36 months. With the small, local cattle breed, the 
common practice was natural mating when the cow was showing oestrus. Cow owners approached 
bull owners for permission to arrange mating if they had no bull or they preferred to mate their cow 
with a better bull. There was no payment involved if the bull was of the local breed but payment 
was required for the services of a Haryana hybrid bull. Farmers identified oestrus based on the 
cow’s calving history, physical appearance, and behaviour. The cow in oestrus and the selected bull 
were tethered together for grazing. However, at favourable times of the year, such as after the WS 
rice harvest when cattle were grazing together in the paddy fields, farmers would often allow 
natural mating without restriction. At this time, there was no work requirement, feed resources were 
relatively good, and temperatures were more congenial, so cows were more likely to show oestrus 
and be successfully mated.   
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Most farmers considered 36-month-old cattle as mature animals that could be used for draught 
purposes, though some indicated ages of between 18 and 42 months for such use. Some cattle 
owners who experienced a shortage of draught power began to use their animals at a young age, 
regardless of the impact on their condition. However, farmers who seriously considered their 
animals’ condition did not force them to work before three years, despite having a shortage of 
draught power. Cattle were kept and worked on average for 10 years, up to a maximum of 15 years, 
and then sold. Old cattle were of no value for draught power or reproduction. They were sold to buy 
younger animals before they became too old to have any market value. The sale of young cattle 
took place only in instances of an urgent cash requirement, such as a marriage. Some farmers 
estimated that the liveweight of a mature cow or bull of the local breed ranged from 200 to 350 kg 
(see Chapter 4). Most suggested that the substantial green feed and lower temperatures were the 
main factors contributing to increased cattle weight in the wet season. Cattle were occasionally sold 
to traders but there was no weight measurement and even the cattle traders had no idea of cattle 
weight. As reported in Chapter 4, the animal was commonly valued according to breed (hybrid or 
local), growth condition, and age.  
Only 14% of households sold cattle in the survey year, earning on average USD 590. However, 
given that these were mostly culled animals and the receipts were mostly used for replacement 
stock, the revenue figure does not represent net income (apart from the need to deduct cash 
expenses).  
5.5.4 Other livestock 
Raising pigs, chickens, and ducks has been a traditional farming activity for the farm households in 
rural Cambodia, as well as in the case study village, because it provides a regular household cash 
income (compared with cattle keeping), a source of protein, and farmyard nutrients. As described in 
Section 4.5.4 of Chapter 4, despite providing a regular source of protein, producing pigs and poultry 
could save considerable cash expenses for a range of religious and traditional ceremonies celebrated 
every year, with various feasts requiring meat. Most of the surveyed households (60%) raised an 
average of 7 chickens; less than one third raised pigs with 2.5 head per household; and just one fifth 
raised an average of 4 ducks (Table 5.30). The mean value of total livestock was USD 265, with a 
large range from USD 45 to 1,640. Of pig- and poultry-raising households, there were 74% and 
39% earning cash income from the sale of pigs and chickens in 2012, respectively. The mean 
income from the sale of pigs was USD 420, varying between USD 200 and 750, and from chickens, 
USD 60, varying between USD 25 and 200. The total value of livestock was less than the annual 
cash income from the sale of livestock because the reported stock comprised mainly a sow, mature 
pigs, and chickens but the sales which occurred a few times a year included both piglets and mature 
animals.   
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Table 5.30. Numbers and value of pigs, chickens, and ducks owned, Snao, 2012 
  Unit Pigs Chickens Ducks Total 
Households 
owning 
(%) 31 60 21 - 
Mean No. 2.5 7.2 3.8 - 
  USD 236 24 6 266 
Median No. 2 5 3 - 
  USD 150 18 9 177 
q1 No. 1 3 1 - 
  USD 108 11 3 122 
q3 No. 2 9 4 - 
  USD 178 32 12 222 
Range No. 1-11 1-30 1-10 - 
  USD 38-1,513 4-98 3-30 45-1,641 
 
5.6 Whole-Farm Analysis 
A representative whole-farm analysis (leaving out livestock, for which land use, labour 
requirements, and cash flow were intermittent) is necessary to define how the various cropping 
activities analysed above draw on household resources of land and labour throughout the year, to 
contribute to household livelihoods. In doing so, two household types can be distinguished – those 
with WS paddy land only and some on-farm irrigation (Type A) and those with additional DS 
paddy land with full access to irrigation (Type B). The mean area of WS paddy land of 0.6 ha can 
be used to represent the majority of farm households in Type A, while this area plus an additional 
0.85 ha of DS paddy land can represent Type B.  
5.6.1 Economic contributions of crop activities 
Table 5.31 presents an economic analysis of all the crop activities over a 12-month period for the 
two farm types. Considering the Type A farm household first, with 0.6 ha of WS paddy land and 
on-farm irrigation, this household was able to harvest 3.2 tonnes of paddy rice from WS rice (0.6 ha) 
and EWS rice (0.4 ha). This left it with a surplus over consumption requirements of 1.7 tonnes, 
generating a net cash flow from rice sales of USD 430. The farm generated a total cash income of 
USD 1,450, 70% of which was from the DS radish and 22% from EWS rice. Cash costs accounted 
for USD 737, or 50% of gross cash income, leaving a net cash flow of USD 710. DS radish 
accounted for just over half of total cash costs, mainly for fertiliser. The main farm-produced input 
was farmyard manure, totalling over 11 tonnes. This was more evenly spread across the three crops, 
though the radish crop still accounted for nearly 40%. The family labour requirement for the whole 
cropping system was 165 days, about 50% for radish and 40% for WS rice. This total is low 
reflecting the small farm size, implying considerable underutilisation of labour, despite the intensity 
of land use. 
The Type B farm household added an additional 0.85 ha of DS paddy land, enabling it to produce 
an additional 5.1 tonnes of paddy – more than the WS and EWS crops combined. All of this was 
sold, generating a cash income of USD 1,109, which was 72% of the total cash income from rice 
and 43% of total cash income from all crops, similar to the contribution of radish (40%). DS rice 
added a further USD 673 to cash costs, mainly for fertiliser and fuel, more than any other crop and 
nearly half of the total. As mentioned above, there was no application of farmyard manure to the DS 
paddy land. Similarly, the additional family labour input was only 12 days, reflecting the high 
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degree of mechanisation and contract services; hence the total labour requirement was still low at 
177 days, or less than one worker-year, even though the labour inputs were concentrated in peak 
periods. 
An average household herd of nearly 3 cattle stockpiling 5 tonnes of farmyard manure annually was 
not enough to supply the whole-farm system. According to key informants, radish growers who had 
insufficient farmyard manure purchased additional cattle manure from areas closer to the Bassac 
river, paying around USD 20 per load (one trailer pulled by a two-wheeled-tractor),amounting to 
between 750 and 900 kg.  
Table 5.31. Inputs, outputs, rice status, and net cash flow of representative whole-farm systems  
with and without DS rice, Snao 
  
Unit 
WS 
rice 
DS 
radish 
EWS 
rice 
DS rice 
Farm- 
type A 
Farm-
type B  
Cultivated area ha 0.61 0.36 0.37 0.85 1.35 2.20 
Output kg 1,717 - 1,513 5,127 3,230 8,357 
Seed kg 62 - 141 306 - - 
Consumption
a
 kg 1,250 - - - 1,250 1,250 
Surplus kg 405 - 1,372 4,822 1,777 6,599 
Farm gate price USD/kg 0.28 - 0.23 0.23 - - 
Gross income USD 481 1,018 348 1,179 1,847 3,026 
Cash income USD 113 1,018 316 1,109 1,450 2,560 
Labour input 
labour-
days 64 86 15 12 165 177 
Organic nutrient kg 3,679 4,348 3,253 - 11,279 11,279 
Cash costs USD 131 382 225 673 722 1,411 
Net cash flow USD (17) 637 91 435 710 1,146 
a
Assuming 5 household members; Type A (no DS rice); Type B (with DS rice) 
5.6.2 Land-utilisation profile 
Figures 5.29 and 5.30 show the use of the representative 0.6 ha of WS paddy land throughout the 
year. The level of utilisation was 5.5 ha-months out of a possible 7.2 ha-months (12 x 0.6 ha), that 
is, 76%. Broadcasting of EWS rice over 0.4 ha began in late April because farmers were waiting for 
early rainfall and also celebrated Khmer New Year in mid-April. A proportion of the WS rice 
nursery was tilled from May and the full seedbed area, commonly 5% of the transplanted field, was 
fully ploughed in June. At the same time, transplanting was underway on some of the available 
paddy land. As the EWS rice was gradually harvested from July, the transplanted area of WS rice 
was steadily expanded, with the full 0.6 ha area transplanted no later than September. Beginning the 
WS rice harvest in early December allowed for the commencement of the first DS radish crop (0.2 
ha). The second radish crop was harvested by the end of March, leaving a narrow break for the 
Khmer New Year before beginning the new cropping season.  
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Figure 5.29. Use of 0.6 ha of paddy land for whole-year cropping system in Snao 
 
Figure 5.30. Maturing EWS rice and WS rice seedlings in southern paddy land of Snao,              
July 2012 
5.6.3 Labour-use profile 
The total input of family labour over the 12 months of cropping was 165 labour-days for Type A 
households and 177 labour-days for Type B households, distributed over the three seasons – WS, 
DS and EWS. Figure 5.31 shows the monthly labour profile, which was very uneven. Starting with 
the main WS rice crop, labour-days gradually increased from May to peak in July, when EWS rice 
was being harvested while WS rice was being transplanted. There was a trough in October-
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November when the WS rice crop was being maintained, before peaking again in December-
January, when the WS rice harvest coincided with the first radish crop. The peak month was 
January, with 38 labour-days. Radish cultivation continued to make heavy demands on labour 
through February, March, and early April. Adding in the additional family labour for DS rice 
cultivation made little difference to this overall profile, though it certainly added to the labour peak 
in January. 
The representative farm household had 3 workers, hence it would have experienced no labour 
constraint to operate 0.6 ha intensively over a year (Type A), not even with the addition of DS 
paddy land (Type B). Only in the peak month, January, was the labour concentration above 1.0 
labour-days per day. In other months, despite the relatively high labour requirement in the DS, one 
family worker could provide the necessary labour and manage and coordinate the use of hired or 
exchange labour and contracted services. However, the more family labour involved, the less 
exchange labour or hired labour was needed. Based on field observations, the management of radish 
cultivation was undertaken by female family members, weeding relied on hired and exchange 
labour, while daily watering of the radish crop was commonly carried out by male family members. 
The spare labour-time indicated in Figure 5.3, now mainly occurring in the wet season rather than 
the dry season (cf. Chapter 4) was employed in livestock management and off- and non-farm 
activities. 
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Figure 5.31. Monthly profile of labour requirements for cropping operations of               
representative farms in Snao  
5.6.4 Cash flow profile 
A monthly profile of net cash flow from all the major crop activities is presented in Table 5.32, with 
monthly net cash flows and cash balances calculated for both Type A and Type B farm households. 
The farming year is considered to start in May after a short break from farming activities around the 
time of the Khmer New Year. 
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For Type A farms, starting in May-June, EWS rice inputs required cash expenses for mineral 
fertilizers, fuel and chemicals, resulting in a negative cash flow (USD 60/month). The income from 
the sale of the EWS rice crop between July and August made the cash flow positive. But a negative 
cash flow, ranging from USD 55 to 75 per month, occurred from September until December, 
because of expenditure on the input costs of WS rice and the first DS radish crop, without any 
income during these months. Despite increasing expenses for DS radish from January, the sale of 
surplus WS rice and the first DS radish harvest, increased cash income and gradually built up a 
positive net cash flow from USD 165 to 220 over the last four months (January-April). 
The cash balance was negative for the first 3 months, before becoming positive in August-
September. After being negative during the WS season (October-December), the cash balance 
became positive again from January until April. The year-end cash balance accrued to USD 710. 
This was sufficient to finance the Type A farm in which the cropping system required high financial 
outlays only in January-February for radish cultivation. Taking inputs on credit was reported by a 
minority of farm households surveyed but no household resorted to taking out a loan.  
For Type B farms, beginning in May-June, cash costs for EWS rice inputs (fertilizers, fuel, 
chemicals) incurred a negative cash flow (USD 60/month). The sale of the EWS rice crop in July-
August (USD 160/month) turned the cash flow positive. Input costs for WS rice, and the absence of 
any income from September to December, resulted in a negative cash flow in these months, 
blowing out to USD 254 in December due to the costs for radish and DS rice. With income from the 
sale of surplus WS rice in January-February, the sale of radish from January to April, and especially 
the sale of DS rice in March-April, the net cash flow turned positive, peaking at USD 722 in April.  
Starting in May, the cash balance remained negative for the first three months, became positive in 
August-September, but then stayed negative again until March-April, when the income from radish 
and DS rice kicked in. However, given that the year-end cash balance was substantially positive 
(USD 1,147), there appeared to be sufficient working capital within the cropping system to finance 
the high outlays for the DS crops without resorting to borrowing. However, the households with 
larger areas of DS rice and radish could not avoid taking inputs on credit for short periods, because 
their cash position also depended on the monthly cash requirements of the household and on the 
flow of income from other sources. 
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Table 5.32. Monthly profile of cash flow for representative farms in Snao 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year end 
Cash costs (A) 148 117 43 35 60 61 53 42 53 53  74 738 
Cash costs (B) 345 234 204 113 61 53 17 25 53 53  254 1,411 
WS rice        25 53 53   131 
DS radish 148 117 43         74 382 
DS rice 197 117 126 52        180 673 
EWS rice    35 60 61 53 16     225 
Cash income (A) 311 311 255 255   158 158     1,447 
Cash income (B) 311 311 810 810   158 158     2,556 
WS rice 56 56           113 
DS radish 255 255 255 255         1,018 
DS rice   555 555         1,109 
EWS rice       158 158     316 
Net cash flow (A) 163 194 212 220 (60) (61) 106 117 (53) (53)  (74) 709 
Cash balance (A) 84 278 490 709 (60) (121) (16) 101 48 (5) (5) (79) 709 
Net cash flow (B) (34) 77 640 722 (60) (61) 106 117 (53) (53)  (254) 1,147 
Cash balance (B) (292) (215) 425 1,147 (60) (121) (15) 102 49 (4) (4) (258) 1,147 
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5.7 Household income 
The two main income sources of the surveyed households were rice crops (WS, DS and EWS rice) 
for both household consumption and cash, and the cash incomes from non-rice crops, livestock, and 
off- and non-farm work opportunities. Most households were able to produce sufficient rice for 
consumption from the WS crop, with some surplus for sale, though a small number of households 
had a rice deficit due to large family size and small land area, as discussed in Section 5.4.1. As most 
households were self-sufficient from WS rice, the paddy harvested from EWS cultivation was 
largely sold for cash income, though for a small number of households it covered the deficit from 
the WS harvest, as discussed in Section 5.4.2.  
Figure 5.32 shows the incidence of the major sources of cash income among the survey households. 
Non-rice crops, predominantly radish, provided cash income for most households (89%). This was 
followed by EWS rice (63%), reflecting that less than half the households had DS rice land. Other 
sources of cash income (rice crops, livestock, farm wages and non-off-farm work) were obtained by 
between 20 and 40% of households, except for a few cases of earning cash from land rental.  
In Figure 5.33 the non-rice crops and livestock income sources are broken down into specific 
enterprises. As many as 84% of farmers cited radish as an income source while only a minority (5%) 
cited vegetables, water melon, and mungbean. Of livestock income sources, chickens provided cash 
incomes for 21% of households, pigs for 16%, and the sale of cattle for only 11%. The main 
purpose of raising chickens and pigs was as a source of cash income, but (as discussed in Section 
5.5) cattle were also important as a source of draught power and farmyard manure.  
 
Figure 5.32. Sources of household cash income in Snao, 2011 
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Figure 5.33. Breakdown of income sources from non-rice crops and livestock in Snao, 2011 
Total annual cash income, comprising both farm and off- and non-farm activities, ranged from USD 
50 to 10,400 per household. The distribution presented in Figure 5.34 shows that the modal income 
was USD 1,000-2,000. In fact, the majority of farm households (65%) earned USD 2,000 or less 
and about a third earned USD 1,000 or less. Only two households earned revenue of more than 
USD 5,000.  
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Figure 5.34. Total annual cash income distribution in Snao, 2011 
Table 5.33 presents the mean and distribution of income by major income sources. There was a 
wide range in annual cash income from each source, from zero to USD 5,000. However, like the 
overall distribution in Figure 5.34, the distributions for each source were all positively skewed, with 
20-40% of households earning less than USD 500, except for DS rice, for which the distribution 
was more even. Non-rice crops were the most important income source, relied on by the largest 
proportion of households (89%) and also providing the highest mean annual income (USD 695), 
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with more than a quarter of households earning over USD 1,000. EWS rice also provided income 
for a high proportion of households (63%) and averaged just under USD 300 across the whole 
sample. DS rice provided the second highest mean income (USD 400) but only benefited a minority 
of households. WS rice provided cash income for less than a quarter of households, and even then 
averaged only USD 56. However, as described in Section 5.4.2, the main purpose of WS rice 
cultivation was for household consumption, with a small surplus for sale as an added bonus. 
Livestock provided cash income for a smaller proportion of households (39%), with this income 
source averaging over USD 200. A third of households engaged in off-farm wage work in the 
village but the average earnings were low (USD 46), though for those engaged in off-farm work the 
mean was USD 143, representing about 45 days at the prevailing wage rate. A similar proportion 
engaged in non-farm work, though the mean income was higher; this was entirely due to younger 
women working in garment factories in Phnom Penh. Hence most households were primarily reliant 
on rice and non-rice crops for both subsistence and cash income.  
Table 5.33. Mean and distribution of gross cash income by source in Snao, 2011-2012 
Income 
source 
Income bracket (USD/year) Mean income (USD) 
0 
1- 
499 
500- 
999 
1,000-
1,499 
1,500-
2,500 
> 2,500 
Sub-
sample
1 
Whole 
sample 
% of total 
income 
 (% of households)    
WS rice 76 21 2 2 0 0 231 56 3 
EWS rice 37 40 16 2 5 0 470 296 15 
DS rice 77 0 6 5 5 7 1,765 399 21 
Non-rice 
crops 
11 39 23 15 11 2 784 695 36 
Livestock 61 23 11 3 0 2 560 217 11 
Farm wages 68 29 3 0 0 0 143 46 2 
Non-farm 
work 
66 19 8 5 0 2 667 226 12 
Total 0 18 18 10 30 24 4,620 1,935 100 
1
 Sub-sample of those households earning cash income from specified sources. 
 
The total farm household income from the two major sources was comprised of farm (rice, non-rice, 
livestock) and non-farm (with wage labour) income  
Households were classified into three groups based on the size of landholdings – small (1 ha and 
below), medium (1 to 2 ha), and large (more than 2 ha) to analyse the effect of landholding on the 
sources and levels of cash income. As shown in Table 5.34, both farm cash income and total cash 
income increased from small to large landholding groups; the differences were significant at p=0.05. 
Farm income accounted for between 84 and 87% of total income across the landholding groups. 
Interestingly, income from rice crops accounted for the highest proportion of total income in the 
large farm group, whereas income from non-rice crops accounted for the highest proportion in the 
small farm group. Differential access to DS rice land presumably explains much of this difference. 
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Table 5.34. Gross cash income by source and size of landholding in Snao, 2011 (USD) 
Different letters of each income source by farm sizes were significantly different at p=0.10 level. 
 
The size of the family labour-force was another direct influence on the sources of household income. 
Table 5.35 shows the mean cash income from each of the major sources for three categories of 
family labour force. In this case, there was no clear pattern. The high-labour group had the highest 
income from WS and EWS rice crops, and livestock, but the medium-labour group had the highest 
income from DS rice and non-rice crops. Only the means for EWS rice income were significantly 
different between large- and medium-labour groups at the p=0.10 level. This suggests that 
increasing use of mechanisation and contract services was counteracting some of the advantage of 
having more workers. The income from off- and non-farm activities was also not obviously related 
to the size of the family workforce, with the low-labour group generating the highest income from 
non-farm sources (USD 410). One household with two workers that was engaged in rural business 
accounted for much of this difference, grossing USD 4,800, but this level of non-farm income was 
not common.  
Table 5.35. Mean cash income by income source and size of household labour-force in Snao,     
2011 (USD) 
No. of 
workers 
WS 
rice 
EWS 
rice 
DS 
rice 
Non-rice 
crops 
Live-stock 
Farm 
labour 
Total cash 
income 
2 
(n=14) 
55 333
ab
 296 621 137 43 1,895 
3-4 
(n=33) 
27 173
a
 461 783 211 51 1,900 
≥5 
(n=15) 
119 531
b
 357 571 303 38 2,046 
Different letters of each income source by the size of labour-force were significantly different at 
p=0.10 level. 
 
To assess the combined effects of different factors on cash income, a multiple regression was run of 
total cash income as a function of 8 independent variables, including 3 continuous variables and 5 
dummy variables, using Excel (Table 5.36). The equation was significant (F=8.59) and the adjusted 
R
2
 was 0.50, meaning that half the variation was explained by the equation estimates. The result 
confirmed that it was the ownership of DS rice land rather than the total landholding that 
contributed most to cash income. The ownership of an upland plot was also significant, but the large 
coefficient has to be seen in the context of the small areas owned. Possessing a tubewell and a pump 
were not significant, but most households in the sample had these items. As discussed above, the 
size of the household labour-force was not significant, given the degree of capital investment and 
Land 
holding 
(ha) 
Rice crops 
Non-rice 
crops 
Livestock 
Farm cash 
income 
Non-farm 
income 
Total cash 
income 
≤1  
(n=46) 
274
a
 
(22%) 
605 
(49%) 
151 
(12%) 
1,030
a
 
(84%) 
196 
(16%) 
1,225
a
 
(100%) 
1.0-1.99 
(n=26) 
713
b
 
(37%) 
831 
(43%) 
129 
(7%) 
1,672
b
 
(87%) 
261 
(13%) 
1,933
b
 
(100%) 
≥2.0  
(n=7) 
2,400
c
 
(56%) 
826 
(19%) 
550 
(13%) 
3,776
c
 
(87%) 
544 
(13%) 
4,320
c
 
(100%) 
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mechanisation in the cash-earning DS activities. Relatedly, and in contrast to the purely rainfed 
village analysed in Chapter 4, non-farm income was not a significant factor in total income. 
Table 5.36. Regression of total household cash income on 8 variables for Snao survey sample 
(n=62), 2011 
Variable Coefficient Standard error t statistic p-value 
Intercept 738.3 1045.6 0.706 0.483 
Total land holding (ha) -189.1 445.7 -0.424 0.673 
DS rice land area (ha) 2047.7 557.9 3.670 0.000 
Upland area (ha) 3679.6 1391.7 2.643 0.010 
Non-farm work (yes=1; no=0) 241.4 388.4 0.621 0.536 
Full-time labour (no.) -118.9 123.6 -0.961 0.340 
Cattle (no.) 78.0 118.8 0.656 0.514 
Tubewell (yes=1; no=0) 354.8 902.7 0.393 0.695 
Water pump (yes=1; no=0) -130.2 360.3 -0.361 0.719 
 
5.8 Conclusion 
Snao is located in the rainfed lowland environment where small landholdings, poor soil fertility, 
dependence on a single rainfed rice crop, and the use of conventional farming practices, have been 
major constraints. These adverse factors have motivated most farm households in the village to shift 
to a more intensified and diversified farming system, capable of producing an adequate rice supply 
for family consumption and additional cash income from several sources. In the past, the limited 
holdings of WS paddy land on which their livelihoods depended (averaging only 0.6 ha) could just 
meet the subsistence rice requirements of an average household but could not generate additional 
cash from the single, traditional WS rice crop. Farmers have now effectively used this limited WS 
paddy land to cultivate four crops a year – WS rice, two DS radish crops, and EWS rice. The 
minority of farm households with access to additional DS rice land on the Bassac floodplain have 
been able to benefit from an additional cash crop of DS rice by utilising the two different rice 
ecosystems. 
The key to the intensification and diversification of the rainfed lowland environment has been the 
initiative to access on-farm groundwater. Groundwater irrigation was initially used to cultivate 
radish in the dry season and has been successfully extended to EWS rice, as well as providing a 
reliable source of supplementary irrigation for WS rice. The significant benefits to food security and 
cash income have encouraged relatively poor farm households to invest in tubewell installation and 
the acquisition of pumps. Another key factor has been the availability of modern IR rice varieties 
with photoperiod insensitivity and high fertilizer response, permitting commercial production of DS 
and EWS rice. This has been accompanied by a readily available and expanding market for rice and 
the provision of mechanised harvesting services, as well as the growing market for non-rice crops, 
with traders coming to the village to buy and harvest radish. 
The farming system that has emerged is not only diverse in terms of the range of crop and livestock 
activities but includes a diversity of management practices, tools, and production inputs. In terms of 
crop establishment, direct seeding is used for EWS and DS rice, and transplanting for WS rice. A 
range of mainly traditional varieties of differing maturity are used for WS rice, while only one or 
two modern varieties are used for EWS and DS rice. The system integrates the use of draught 
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animal power, human labour, and mechanisation. For the radish crop, for example, both two-
wheeled tractors and draught animal power are used for different phases of land preparation. For the 
WS and EWS rice crops, traditional hand harvesting is used but, for the DS rice crop, mechanical 
harvesting is the norm. The traditional use of farmyard manure is still very important, especially for 
the WS rice land, but for crops generating a high cash income, such as radish and DS rice, greater 
investment in purchased fertilizers occurs. The use of family labour is also diversified, with young 
women in particular frequently adding a non-farm source of income. 
The intensified and diversified farming system utilises available land throughout the year, with an 
average land-use intensity of 76%, compared with a traditional system based on WS rice only, for 
which the land utilisation would be 48%. Increasing on-farm irrigation to fully utilise WS paddy 
land for DS radish and EWS rice could further improve farm household income. The on-farm 
utilisation of labour has also been increased, with major additional employment from December to 
April, the traditional slack period for the rainfed lowlands. The three crops on WS paddy land (WS 
rice, DS radish, and EWS rice) provided median net returns to household resources of between 7 
and 10 USD per day of family labour. This was an improvement on the opportunity cost for most 
classes of family labour-time and, together with the improved utilisation of the limited land 
resource, provided a significant improvement in the net benefits accruing to household resources.   
The income from cropping, particularly non-rice crops grown on WS paddy land, provided the 
largest income and was also most widely distributed among the survey households. Those farm 
households with additional DS paddy land could generate even more cash income. Cattle were 
mainly raised for their non-market values (draught power and manure) and wealth accumulation 
(calving) but could be an important source of cash income, given the growing demand for beef in 
the Mekong region. This would require improving the feed supply through the adoption of forage 
crops, also utilising on-farm irrigation, to permit increased cattle numbers and improved 
reproductive performance and growth rates. Off- and non-farm income sources were of less 
importance, and the limited education and skills of the household members may prove a constraint 
to increasing income from these sources in the near future. 
Among the various elements contributing to the changes in this farming and livelihood system, the 
imperative of on-farm irrigation stands out. The availability of a secure source of irrigation has 
enabled the villagers to escape the limitations facing the majority of farm households in the rainfed 
lowlands, producing an adequate annual rice supply and a reliable source of cash income. The 
physical and financial feasibility of farming systems based on groundwater (and possibly pondwater) 
seems to be the key to addressing the fundamental problems of the rainfed lowlands. There is 
evidence that the current use of groundwater is efficient and sustainable, but the sustainability of 
expanded use of groundwater in this and other regions needs to be assessed. 
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CHAPTER 6 
TA DAENG THMEI – A FULLY-IRRIGATED VILLAGE 
 
6.1 Introduction  
This chapter presents a case study of a fully-irrigated village, Ta Daeng Thmei in Kampong Speu 
Province, located in what is otherwise a rainfed lowland ecosystem, as described in chapters 4 and 5. 
This case represents the most favourable environment of the three cases in terms of the availability 
of irrigation for year-round cultivation. However, apart from its favourable access to irrigation, Ta 
Daeng Thmei is not greatly different from other villages in the rainfed lowlands, with small 
landholdings, poor soil fertility, a focus on rice cultivation, and the use of conventional farming 
practices. Hence the analysis of the farming system in this village provides a useful basis for 
assessing the maximum potential contribution of water to improving the farming systems of other 
rainfed lowland villages.  
As described in Chapter 2, irrigation in Cambodia is of many different types. Most irrigated areas 
are supplied by pumping from rivers into a system of canals and can be unfavourable for cropping 
in the wet season due to several months of deep flooding (see Chapter 5). The irrigated lands in Ta 
Daeng Thmei are notable in that the land is not flooded in the wet season and gravity-fed irrigation 
from a moderately sized reservoir is feasible year-round. This favourable irrigation source has 
permitted farmers to intensify and diversify their cropping system, as well as minimize the risk of 
crop losses as a result of frequent drought in the wet season. The irrigation resource could also 
potentially be favourable for enhancing integrated crop-livestock systems but has not yet been 
utilised for this purpose.   
This case study describes and evaluates farm resource management in this irrigated environment. 
The study is based on several sources of data. Pre-survey field observations, brief conversations 
with farmers, and discussions with key informants including the village head and experienced 
farmers were conducted during several visits from December 2010 until March 2011. A random 
sample of 59 households, accounting for 37% of the total households in the village, was selected for 
a questionnaire survey conducted in March 2011. Secondary data were also assembled, including 
village data for 2010, national census data for 2008, rainfall data and other secondary data.  
According to the village head, and confirmed by the survey, almost all households in the village 
owned around one hectare of paddy land; there were only a few landless households. Moreover, 
apart from wet-season (WS) rice, most villagers cultivated peanuts in the dry season (DS) and a 
small number also cultivated rice in the early wet season (EWS). There was little diversity in 
cropping patterns, cultivation practices, field conditions, irrigation source, and reliance on draught 
animal power. Since the activities of farm households were quite homogenous, the sample of 59 
households, over a third of the village total, was considered adequately representative. 
It was common to find that either the household head or spouse was available for interview, since 
the survey was carried out in March when the peanut crop was almost all harvested. Regardless of 
the school grade attained, the respondents’ understanding of farming and recall of past activities 
was more than sufficient for the interview. Most farmers were keen to collaborate because they 
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understood that their participation could usefully contribute to agricultural research and 
development. Despite a few reluctant cases, they were convinced of the potential benefits by our 
research briefing without any intervention from the village head. None of the farmers who were at 
home and available declined to participate in the interviews.  
An interview required around two hours to complete. The questionnaire did not target any single 
family member but was directed to the persons who were responsible for, and had experience with, 
the household’s farming activities and so could answer the variety of questions. The age of 
respondents ranged from 20 to 73 years, with an average age of 40 years. Sixty per cent were aged 
between 30 and 50 years. In 71% of cases, the husband was the respondent and in 27% it was the 
wife. The questionnaire covered information on demographic characteristics, land holdings and 
farming outputs, cropping activities including wet season rice, early wet season rice, and dry season 
peanut, irrigation infrastructure, farm mechanization, livestock production, and the diversity of 
household incomes. The questionnaire is translated and reproduced in the Appendix. 
6.2 Ta Daeng Thmei Village  
6.2.1 Village profile 
Ta Daeng Thmei villaage is  located about 70 km southwest of Phnom Penh and 10 km west of 
National Road 3 (11°08' N; 104°33' E; 33 masl) (Figure 3.1). It is one of 18 villages in Pou Mreal 
Commune, Borsedth District, Kampong Speu Province. Geographically, the village is close to 
Takeo Province where the other two case-study villages are located. Thus the village falls within the 
zone of lowland rice-based ecosystems which represents the majority of rice land in Cambodia. 
According to village records, in 2010 the village comprised 158 families settled over an area of 200 
ha, including 120 ha of paddy land, 15 ha of upland (not flooded in the wet season), a reservoir of 
70 ha, and 15 ha of flood-free land for residential areas and associated houseyards for fruit trees and 
vegetable gardening. The total population was 743, giving a population density of 372 persons per 
sq. km.  
Figure 6.1 shows the distribution of the village population by age group and sex. Children under 15 
years old, representing most of the dependent family members, made up 44% of the population. 
Sixty one per cent of the population was aged under 25, consistent with the figure of 58% for 
Kampong Speu Province as a whole (NIS, 2008). The predominance of young people in the village 
reflected a rapidly growing population. The relatively small proportions of males in the 15-45 age 
brackets may have reflected outmigration of younger men, but the sample size was small.  
The name of the village consists of three words – Ta and Daeng refer to Granduncle Daeng 
(probably the first village settler) and Thmei means new. So this is New Ta Daeng Village, 
established in 1979 after the fall of the Khmer Rouge regime from Old Ta Daeng Village, which 
was located on the north side of the current reservoir at a higher elevation (hence unable to be 
irrigated). Ta Daeng Thmei, along with one other village, was located on the south side of the 
reservoir below a two-kilometre-long dam wall that runs east-west. The village is accessed by an 
unsealed road running along the dam wall, and is divided into western and eastern settlement areas, 
with paddy fields in between; further paddy fields are located to the south of the settlements (Figure 
6.2). Because the administrative boundary of the village follows the dam wall, the villagers have 
gradually extended their housing southwards toward the paddy fields. 
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Figure 6.1. Distribution of Ta Daeng Thmei village population by age group and sex               
(Source: Village Statistics, 2010) 
The village was initially established along a footpath or cart track before the dam was constructed. 
There was a naturally occurring lake to the north and, under the Khmer Rouge regime (1975-9), a 
U-shaped dam wall was constructed along the eastern, southern, and western sides of the lake to 
increase its storage capacity for DS irrigation. The general fall of the land from north to south meant 
that the village paddy lands could be irrigated by gravity (Figure 6.3). The dam was in general 
disrepair after 1979 and was extensively reconstructed in 1984. The purpose of the restoration was 
to promote full DS irrigation, but the reservoir was also a useful supplementary source of irrigation 
for WS cultivation in years of low annual precipitation and intra-seasonal drought. Besides its main 
roles of water storage for irrigation and as a road, the dam also protects the village residential areas 
from inundation at times of heavy rainfall, as the village area lies within a natural drainage basin 
from land of higher elevation to the north, phasing into hilly land to the north and west.  
 
Figure 6.2. Layout of Ta Daeng Thmei Village 
  
 164 
 
Figure 6.3. A view northward from the paddy fields of Ta Daeng Thmei to the dam wall                          
in the mid-ground and mountainous terrain in the background. 
6.2.2 Irrigation management  
At least five other villages bordering the case study village and extending to the south are also able 
to access irrigation water from the reservoir with permission from the village head of Ta Daeng 
Thmei. The management arrangements remained informal and centred on the authority of the 
village head. An irrigation committee was elected in 2007 but the committee is no longer in 
existence. Instead, the village head himself took charge of arranging maintenance of the dam and 
other irrigation infrastructure. Financial support mainly came from the Ministry of Water Resources 
and Meteorology (MOWRAM) and from the district and provincial authorities. Foreign 
development agencies such as the Japan International Cooperation Agency (JICA) also provided 
some assistance for the maintenance of irrigation facilities. The village head leads the villagers to 
repair damage to the dam and clear the distribution canals when required. Sometimes family labour 
is called on for more extensive work such as road maintenance.  
There is no irrigation fee for water users, although contributions are collected for improving 
infrastructure and undertaking extensive dam repairs. As this is a gravity-fed irrigation system, 
there is no expenditure for fuel, the only requirement being the farmer’s labour to control the inflow 
to his fields. There is no restriction on the villagers’ ability to access the irrigation water; they 
simply make an informal request to the village head or persons who control the water gate. As there 
was no common irrigation schedule, individuals can access water according to their own needs.  
The availability of water in the DS and EWS is significantly influenced by the precipitation during 
the previous WS. If there is low rainfall overall and periods of drought in the WS, not only does the 
reservoir not fill to capacity but water is drawn down to supply the WS rice crop. The water level in 
the reservoir can potentially become shallow in April, though irrigation can be carried out using 
portable pumps. Some peanut growers indicated that dam irrigation can be in short supply from 
April until the full commencement of the WS, meaning a period of insufficiency lasting up to two 
months. However, in a normal season, rainfall commencing from April can supply the EWS rice 
crop water needs, despite a water shortage in the reservoir. 
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The reservoir appeared to be well managed at the village level, given some material support from 
district, provincial, and central government. There were certain advantages of the village situation 
that contributed to this. The village residential area is immediately adjacent to the dam and the main 
water gates, so these can be fully controlled by the village head and water users. Only the Ta Daeng 
Thmei village head has authority over the irrigation system and this simplified the administration of 
the resource. Regular mobilisation of village labour to maintain the dam, canals, and levees has 
protected the entire irrigation infrastructure from severe damage that would involve high-cost 
restoration. Sufficient water supply and the absence of water fees have helped to maintain a 
harmonious relationship between the village head and the water users, as well as among the water 
users. The relative homogeneity of farm households in terms of land ownership and cropping 
pattern is also a factor in maintaining the good relations. 
6.3. Household Resources 
6.3.1 Human resources  
Because of the tendency in rural Khmer households for all but one child (usually the youngest 
daughter) to separate from the parental household, households are typically nuclear or stem families, 
as outlined in Chapters 4 and 5 (Ovesen et al., 1996). Households in the survey averaged five 
members, with half falling in the range 4 to 6 members (Table 6.1). The average family labour force 
was slightly over 3, with 50% falling in the range 2 to 4. Those with more than two workers had 
one or more children aged 15 years or more; 50% of households had one or two children in this age 
range as part of the household workforce.  
Table 6.1. Household composition in Ta Daeng Thmei, 2011 
Characteristic Mean Median q1 q3 Range 
     Min Max 
Age of household head (years) 41.4 40 31 50 24 73 
Education (grade)       
- Household head 5.7 6 4 7 0 11 
- Spouse 4.5 5 3 7 0 10 
- Children 7.9 8 6 10 0 12 
Household size 5.0 5 4 6 2 11 
Number of workers 3.3 3 2 4 1 8 
Number of females 2.5 2 2 6 1 6 
Number of dependants 1.7 2 1 3 0 4 
 
Table 6.2 shows that 54 household heads (92%) were males. Their average age was 41 years and 
varied between 24 and (in two cases) above 60 years. The most common age was in the range 30-49 
years, accounting for 56% of the sample. Hence most farmers were active and experienced. They 
averaged six years of education, ranging from 0 to 11 years, with most having completed 4 to 7 
years. Hence they were literate and able to access agricultural information. Their female spouses 
had somewhat less schooling, averaging four years, while their children (many of them still at 
school) had somewhat more, averaging eight years (Table 6.1). 
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Table 6.2. Age and gender of household heads in Ta Daeng Thmei, 2011 
 Age Number % 
 Male Female Total   
20-29 10 0 10 17 
30-39 19 0 19 32 
40-49 11 3 14 24 
50-59 12 2 14 24 
60+ 2 0 2 3 
Total 54 5 59 100 
 
The economically active household members were classified as the household head (usually the 
husband), wife, and sons and daughters aged 15 and over, and in each case their primary and 
secondary occupations were ascertained based on their assessment of time spent and the relative 
importance, for household income (Table 6.3). Only 7% of household heads considered off- and 
non-farm employment (whether within or outside the village) as their primary job and no spouse 
named off- and non-farm work as their primary job. However, 39% of household heads and 37% of 
spouses undertook secondary employment in farm activities, including work with livestock and 
non-rice crops, and 17% of household heads and 4% of spouses had off- or non-farm work as a 
secondary occupation.  
For the primary occupation of children aged 15 and over, 50% of sons and 36% of daughters were 
students; 25% of sons and 18% of daughters worked on the family farm; and 25% of sons and 38% 
of daughters were engaged in non-farm work. Farm work was the most commonly cited secondary 
occupation (30% of sons and 36% of daughters), suggesting that many of those engaged in off- and 
non-farm work were still available for part-time work on the family farm.  
The village is favourably situated for commuting on a daily basis, to and from the garment factories 
in the outer areas Phnom Penh, which accounts for a large number of children becoming engaged  
in non-farm employment. Nevertheless, all household members actively participate in farm work 
when they return to the village. Rice threshing is the most common operation to involve all family 
members, along with relatives, friends, and neighbours, who work together during the evenings of 
the harvest season.  
Table 6.3. Occupations of economically active household members in Ta Daeng Thmei, 2011 (%) 
Occupation 
Head  
(n=59) 
Spouse 
(n=54) 
Daughters 
(n=50) 
Sons  
(n=30) 
Primary         
- Farm 93 100 18 23 
- Non-farm 7 0 38 23 
- Student 0 0 36 50 
Secondary     
- Farm 39 37 36 30 
- Non-farm 17 4 2 10 
- Student 0 0 0 0 
 
Given an average cultivated area of 1.3 ha (see next section), with three family labourers focused 
primarily on farming, there appeared to be an adequate labour force, even though in this village 
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there were intensive farming activities throughout the year. The household head and spouse could 
manage most tasks, with the assistance of one or more children at least part of the time, together 
with labour exchange groups, to achieve timely completion of key tasks such as transplanting and 
harvesting. Some households also hired labour from within the village. Since the husband and wife 
provided the core of the household workforce and managed the farming operation year-round, they 
were generally not free to migrate for outside employment, though a minority of male household 
heads were involved in seasonal construction work.  
According to the parents’ opinions, the majority of their children preferred either to permanently 
settle in town or to have non-farm employment; the survey also indicated a high incidence of non-
farm employment among the younger household members and a high level of education, with some 
cases of attaining university level. For smallholder households, the inheritance of farming land 
would not be favourable for most children. In any case, the children who attained a better education 
did not want to depend on farming for their livelihoods. The trend towards non-farm employment 
and rural-urban migration is likely to grow. 
6.3.2 Land resources 
There were two types of cultivated land in the village – paddy fields located around the village 
residential area, and higher land (“upland”) that is flood-free in the WS, suitable for non-rice crops, 
located at greater distance from the village. Every household interviewed owned paddy fields, with 
a mean area of 1.3 ha, a median of 1.1 ha, and a range from 0.2 to 3.0 ha (Table 6.4). The mode was 
between 0.5 and 1.0 ha (Figure 6.4). Only five households (8%) owned greater than 2.0 ha (none 
above 3.0 ha) and five households owned less than 0.5 ha. Thus the distribution of paddy land 
within the village was quite even. However, only 64% of households had access to upland plots for 
non-rice cropping, with a mean of 0.2 ha and a range of 0.03 to 0.5 ha (Table 6.4). These 
households had a distinct advantage over other households because of greater income-earning 
potential in the WS. 
Table 6.4. Household land ownership by land type in Ta Daeng Thmei, 2011 
 Statistic Paddy land (n=59) Upland (n=38) 
  Area (ha) No. of parcels Area (ha) No. of parcels 
Mean 1.3 5.7 0.2 1.4 
Range 0.2-3 1-20 0.03-0.5 1-5 
Median 1.1 5.0 0.2 1.0 
q1 1.0 3.5 0.1 1.0 
q3 1.9 7.0 0.3 1.8 
 
Paddy land was widely distributed in separate paddy plots, with an average of six plots per 
household, ranging up to as many as 20 plots (Table 6.4). Half the households had to farm between 
4 and 6 plots, the fragmentation of holdings having a significant impact on irrigation access, crop 
management, labour management, and transportation of inputs and outputs. The most distant plots 
were 1 km away from the residential area. Moreover, only part of the total farm area was favourable 
for gravity irrigation, limiting extensive cultivation in the DS and requiring farmers to incur the cost 
of pumping to supply less unfavourable plots. Most households with upland areas had only one plot 
of this land type.  
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The scattering of paddy plots was influenced by the land reform process carried out by the PRK 
government in the late 1980s, as reviewed in Chapter 2. In addition, under the traditional 
inheritance system, parents commonly transfer land to their children once they are married (Ovesen 
et al., 1996). Hence, in the 30 years since the land reform there would have been considerable 
further fragmentation of land holdings. However, given the current small farm size, there may be a 
constraint on future land transfers if farms are to remain viable.  
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Figure 6.4. Distribution of paddy land holdings by household in Ta Daeng Thmei, 2011 
The majority of the paddy land owned by the villagers can be utilised year-round due to the 
availability of irrigation (whereas rainfed paddy land in the same area is necessarily left fallow for 
half the year). The use of paddy fields can be divided into three distinct periods – WS cropping 
between June and December, DS cropping between November and April, and EWS cropping 
between March and August (Figure 6.5). In the WS the entire area of paddy land was devoted to 
rice; this land was unfavourable for non-rice crops in the WS. In the DS the most common crops 
cultivated on paddy land were peanuts and water melon – peanuts were cultivated by almost 80% of 
farm households and water melon by fewer households (Table 6.5). EWS rice was cultivated by 
56% of households, half of whom did so to overcome a rice shortage carried over from the WS. 
Only 4 households cultivated peanuts on paddy land in the EWS because of the high risk of 
waterlogging (Table 6.5). The upland areas were used in the WS to cultivate peanuts (53% of 
households), water melon (22%), and mungbeans (7%) (Table 6.5). The WS peanut crop not only 
provided extra income but was also used as a seed source for the next DS crop because storing seed 
for one year reduced the viability of the seed.  In the following section, the three major crops – WS 
rice, EWS rice, and DS peanuts – are analysed in more detail. 
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Table 6.5. Area and yield of non-rice crops by season and land-type in Ta Daeng Thmei (2010-11) 
 
 
Crop activity Mean Median q1 q3 Range 
     Min Max 
 Wet season (upland fields) 
Peanut (53% of households) 
- area (ha) 0.26 0.2 0.12 0.33 0.03 1.0 
- yield (kg/ha) 1,942 1,950 1,460 2,400  200 4,580 
Water melon (22% of households) 
- area (ha) 0.3 0.3 0.2 0.4  0.1 0.80 
- income (USD/ha) 454 417 219  500 94 1,250 
Mungbean (5% of households) 
- area (ha) 0.2 0.2 0.16 0.23  0.10 0.3 
- yield (kg/ha) 150      
Dry season (paddy fields) 
Peanut (78% of households) 
- area (ha) 0.24 0.2 0.1 0.3  0.03 1.0 
- yield (kg/ha) 1,854 1,880 1,250 2,330  190 4,000 
Water melon (17% of households) 
- area (ha) 0.5 0.45 0.4 0.5  0.10 1.0 
- income (USD/ha) 306 256 192  351 183 585 
Early wet season (paddy fields) 
Peanut (7% of households) 
- area (ha) 0.14 0.15 0.13 0.16  0.06 0.2 
- yield (kg/ha) 956 963 519  1,400 500 1,400 
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Figure 6.5. Cropping calendar for three main uses of paddy land in Ta Daeng Thmei 
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6.3.3 Capital assets 
Farm households had few capital assets. The highest-valued farming asset was a two-wheeled 
tractor, valued at around USD 800, but only one household had bought a tractor, and this was only 
two years previously. The village records until November 2010 showed no power tillers in the 
village, and there were only 2 power tillers and 1 tractor for Po Mreal Commune as a whole, 
consisting of 18 villages and 2,187 households (NCDD, 2010). Ta Daeng Thmei could have been 
the only village in the entire commune with access to a power tiller.  
Around 24% of the households owned a water pump, which cost around USD 120 per unit. Because 
the farm households occupied fragmented land plots which were not all favourable for gravity-fed 
irrigation, they required a pump to supply unfavourably-situated fields. The pump was also 
necessary to drain excess water from the DS peanut crop if there was unexpected rainfall just before 
harvest and there was no drainage system. Peanut yields would have been significantly reduced in 
DS 2010-11 in the absence of a pump, as there was a week-long downpour in late March 2011.  
Another important implement was a sprayer, owned by 22% of the survey households. It was 
common practice to share sprayers, but both the WS rice and DS peanut crops appeared to be less 
susceptible to pests and diseases.  
The cost of excavating a pond was USD 80-100, while installing a tubewell had a similar cost. Only 
18% of the survey households had invested in these on-farm sources of irrigation due to the 
favourable water supply from the village reservoir.  
Cattle were also considered a valuable farming asset, both for their provision of crop inputs 
(draught power and manure) and as a source of income and a store of wealth (see Section 6.5 
below).  
6.4 Crop Activities 
6.4.1 Economics of WS rice production, 2010 
The household survey questioned farmers about the 2010-11 farming year, starting with the WS rice 
crop; in terms of rainfall, this was an average year for Kampong Speu (Chapter 3). All farmers 
followed the traditional practice of transplanting the WS rice crop. The preparation of the nursery 
seedbed commenced as early as April and continued until June, but most farmers prepared their 
nursery in May. The nursery plots were fertilised with both cattle manure (93% of plots) and 
chemical fertilizers (54%) to promote the growth of the seedlings. Around 30% of seedbeds 
required one or two irrigations because seed broadcasting commenced in the EWS when rainfall 
was less reliable.  
The fields were mostly ploughed twice and harrowed once, using draught animal power (a pair of 
cattle) and traditional implements (a steel-tipped wooden mouldboard plough and harrow). The area 
cultivated averaged 1.3 ha per household. The range was from 0.2 to 3.0 ha but 40 households (68%) 
cultivated one hectare or less and only one household cultivated more than two hectares (Figure 6.6). 
Every household applied between one and three applications of fertilizer (urea, di-ammonium 
phosphate and compound NPK fertilizer), averaging 125 kg/ha in total. The range was from 50 to 
200 kg/ha, so most farmers were applying below the recommended rate (White et al., 1997a).  
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Most households (78%) applied cattle manure to the main field, averaging just over 2 t/ha. 
Following a few showers that softened the topsoil of the paddy land, farmers began to cart cattle 
manure from the manure pit at the homestead to spread over the paddy fields. The first tillage was 
carried out to incorporate the manure into the soil when the top layer could be cut and turned by the 
mouldboard, thus protecting the organic matter from the direct sun.  
About 25% of farms required one or two supplementary irrigations to compensate for periods of 
drought in the wet season. As many as 73% of the fields required one or more rounds of manual 
weeding, suggesting that the fields were not evenly flooded.  
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Figure 6.6. Distribution of WS rice cultivated area in Ta Daeng Thmei, 2010 (ha) 
None of the cropping operations was mechanised, relying only on family labour, draught animal 
power, and traditional farming implements. Table 6.6 shows the labour inputs for each operation, 
from seedbed preparation to the transport of paddy rice from the field to home storage. The average 
total labour input was 83 labour-days per ha, with half the households reporting between 61 and 101 
labour-days per ha. The total labour input of this village was significantly lower (at p=0.01) than for 
Trapeang Run (133 labour-days ha) and Snao (97 labour-days/ha). The peak operations of 
transplanting (including pulling the seedlings) and harvesting (including threshing and transporting 
the grain) each absorbed 39% of the total labour input, while the other operations combined 
absorbed only 22%, again reflecting the very uneven nature of the labour profile.  
The average labour chart is presented in Figure 6.7. Land preparation and seedbed activities had 
very low labour concentration. The high labour input of pulling and transplanting rice seedlings 
created the highest labour concentration of 1.1 worker-days per day, whereas the harvest and post-
harvest tasks required only 0.55 worker-days per day. Having an irrigation source reduced the 
duration of transplanting to 30 days, whereas it normally extended over 2 months in purely rainfed 
conditions, but it thereby increased the labour concentration. Nevertheless, the labour concentration 
for transplanting was not beyond the capacity of a typical household and, in any case, labour 
exchange was practised for these peak tasks so they could be completed quickly, and to ensure the 
cropping calendar was synchronised. 
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Table 6.6. Labour requirements for WS rice production in Ta Daeng Thmei, 2010 (labour-days/ha) 
Activities Mean Median q1 q3 Range 
      Min Max 
Seedbed activities 2 2 2 3 1 6 
Ploughing 6 7 5 8 2 10 
Harrowing 3 3 2 3 2 7 
Pulling 8 7 4 12 2 22 
Transplanting 24 26 21 27 6 31 
Fertilizing 1 1 0.4 1 0.4 2 
Watering 1 1 1 2 0.4 3 
Weeding 5 3 2 6 1 14 
Harvesting 21 23 15 26 8 31 
Threshing 10 10 8 12 3 17 
Transport 2 2 2 2 1 3 
Total labour 83 85 61 101 25 143 
 
 
Figure 6.7. Average labour chart for WS rice cultivation in Ta Daeng Thmei, 2010 
A total of 14 distinct rice varieties were cultivated in the WS by survey respondents, with most 
households cultivating around 4 varieties, depending on the field conditions, intended purpose, and 
consumption preferences. Traditional varieties were most popular, with Chhmar Prum cultivated on 
83% of plots and averaging about 2.0 t/ha, and Phka Malis cultivated on 75% of plots and 
averaging about 2.7 t/ha (Table 6.7). Traditional glutinous varieties, used for making traditional 
Khmer cakes for major festivals and occasional desserts, were cultivated on 44% of plots and 
averaged 2.2 t/ha. Only three of the improved varieties developed by CARDI were cultivated on 
only 12% of plots, with an average yield of 2.3 t/ha. The lack of any apparent yield advantage from 
the “improved” varieties may have discouraged their adoption. The overall mean yield was 2.4 t/ha, 
slightly lower than the reported provincial (2.70 t/ha) and national yields (2.76 t/ha) (MAFF, 2011), 
with half the survey households obtaining between 1.5 and 3.2 kg/ha (Table 6.10).  
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Table 6.7. Area and yield of rice varieties cultivated in WS and EWS in Ta Daeng Thmei, 2010 
 Mean Median q1 q3 Range 
      Min Max 
Chhmar Prum (49 plots or 32 ha) 
  Area (ha) 0.65 0.50 0.40 0.80 0.1 2.0 
  Yield (kg/ha) 2,000 1,652 1,010 2590 510 6,400 
Phka Malis (44 plots or 17 ha) 
  Area (ha) 0.38 0.30 0.20 0.50 0.04 1.0 
  Yield (kg/ha) 2,680 2,500 2,000 3,330 670 5,330 
Srau Kraham (17 plots or 7 ha) 
  Area (ha) 0.39 0.40 0.18 0.50 0.1 1.0 
  Yield (kg/ha) 2,160 1,938 1,460 3,000 360 3,750 
CARDI varieties (7 plots or 4 ha) 
  Area (ha) 0.54 0.40 0.33 0.75 0.05 1.2 
  Yield (kg/ha) 2,330 1,050 634 3,700 600 6,000 
Glutinous rice (26 plots or 4 ha) 
  Area (ha) 0.14 0.10 0.07 0.20 0.03 0.5 
  Yield (kg/ha) 2,250 1,714 1,333 2,500 100 6,430 
Mixed variety (10 plots or 4 ha) 
  Area (ha) 0.48 0.50 0.50 0.60 0.13 0.7 
  Yield (kg/ha) 1,630 1,600 960 2,000 545 3,460 
IR varieties in EWS (31 plots or 5.5 ha) 
  Area (ha) 0.18 0.20 0.1 0.2 0.04 0.7 
  Yield (kg/ha) 2,270 2,330 1,740 3,000 510 3,770 
 
Figure 6.8 presents a scatter plot of yield versus cultivated area, showing a weak negative 
correlation (r = –0.16) as indicated by the trend line. This provides some support for the widely 
observed phenomenon that the intensity of management declines with increasing farm size (Ellis 
1993: 206-211). Yield was also regressed on four production factors – seed rate, mineral fertilizer 
rate, rate of manure application, and intensity of labour input – using the regression function in 
Excel (Table 6.8). The equation was significant (F=2.98) but the adjusted R
2
 was only 0.12. The 
coefficients of all variables but seed rate, were not significant at the p=0.10 level. This suggests that 
the practices employed were fairly standard across the different farms and that the variation in 
yields was largely due to uncontrollable factors. 
Table 6.8. Regression of WS rice yield (kg/ha) on 4 variables for the Ta Daeng Thmei survey 
sample, 2010 
 Variable Coefficients Standard Error t statistic p-value 
Intercept 539.0 554.9 0.971 0.335 
Seed rate (kg/ha) 8.5 4.3 1.966 0.054 
Fertilizer (kg/ha) 4.3 3.4 1.269 0.209 
Cattle manure (kg/ha) 0.1 0.1 0.848 0.399 
Labour-days/ha 4.1 5.0 0.822 0.414 
n = 59; F statistic = 2.98; adjusted R
2
 = 0.12. 
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Figure 6.8. Scatter plot and trend line of WS rice yield (t/ha) versus cultivated area (ha)                               
in Ta Daeng Thmei, 2010 
WS rice cultivation, being largely a subsistence activity, has traditionally relied on farm household 
resources or non-market inputs, rather than involving financial outlays. The main material inputs for 
the WS rice crop were seed and cattle manure, supplied from farm household resources, with 
expenditure on inorganic fertilizers the only cash cost (Table 6.9). Four households hired labour to 
supplement family labour for transplanting, and one household hired labour to assist with 
harvesting; given their insignificance, these inputs were lumped with family labour in the economic 
analysis.   
The average seed rate was 71 kg/cultivated ha, with half the households reporting the use of 
between 45 and 95 kg/cultivated ha. This was lower than in Trapeang Run (81 kg) and Snao (101 
kg) but higher than the rate of 40 kg/ha recommended for improved rice varieties with good seed 
quality (CARDI, 2011). The seed was all selected and reserved from the previous harvest.  
Cattle manure was obtained from the household’s own cattle; it was not commonly made available 
freely to other households, nor was it traded commercially. The average rate of application was 2.2 
t/ha, with a wide range of application, from 0.4 to 7.6 t/ha, depending on the number of cattle 
owned by the household. The rate of application among the 73% of households applying manure in 
Ta Daeng Thmei was only one third of that in the other two survey villages. The only cost 
associated with its use was the labour involved in transporting it to the paddy field, which was 
accounted for in the labour requirements in Table 6.6. The conventional practice of WS rice 
cultivation in neighbouring Takeo Province was to apply 5 t/ha, while farmers who adopted the 
Systems of Rice Intensification (SRI) applied up to 10 t/ha (Ly et at., 2012).  
As noted above, all farmers applied some inorganic fertilizer, averaging 125 kg per ha, with a rather 
small range from 50 to 200 kg/ha, depending on access to credit. The average outlay for fertiliser 
was around USD 70/ha, which was also the total cash cost (Table 6.9). The main source of cash for 
fertilizer input came from the cash income from sales of WS rice, DS peanut, and EWS rice, or 
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from remittances from absent household members. Credit from fertilizer traders or moneylenders 
was also commonly used, and was repaid with a high interest rate following the rice harvest.  
Four out of the 14 survey households using supplementary irrigation incurred a fuel cost, due to 
their limited access to the gravity-fed irrigation system. The labour requirement was accounted for 
in Table 6.6. Insect pests were not mentioned as a major constraint for the WS crops, hence there 
was no outlay for pesticides.  
Table 6.9. Material inputs for WS rice production in Ta Daeng Thmei, 2010 
  Unit Mean Median q1 q3 Range 
      Min Max 
Seed kg/ha 71 60 45 95 22 160 
Fertilizer kg/ha 125 125 100 154 50 200 
Cattle manure kg/ha 2,269 1,770 1,076 3,245 350 7,590 
Total cash cost USD/ha 69 65 45 91 12 124 
 
An economic analysis of the WS rice activity is presented in Table 6.10. As noted above, the 
average yield was close to 2.4 t/ha, with half the respondents harvesting between 1.8 and 2.5 t/ha. 
Even though most of the harvest was retained for household consumption, the farm-gate price of 
paddy sold was used to impute a value to the entire crop. The price averaged USD 0.28 per kg, with 
a range from USD 0.20 to 0.37 between November 2010 and March 2011. The different prices were 
presumably due to different qualities (aromatic and non-aromatic) and time of sale. Rice mills paid 
higher prices for aromatic varieties but did not distinguish between other varieties.
8
 
After deducting 3% for seed, the average gross income per ha was USD 640/ha. Subtracting cash 
expenses (USD 70/ha for fertiliser), the net return to household resources of land, labour, and 
capital (NRHR) was USD 570/ha. The NRHR per ha divided by the total input of household labour 
(averaging 83 labour-days) gave a figure for NRHR per labour-day (NRL) of USD 7.7 per day 
(compared with the rural wage rate of USD 3/day).  
Table 6.10. Unit costs and returns for WS rice production in Ta Daeng Thmei, 2010  
 Unit Mean Median q1 q3 Range 
           Min Max 
Yield kg/ha 2,352 2,386 1,838 2,500 467 5,000 
Seed kg/ha 71 70 50 87 22 160 
Output kg/ha 2,281 2,262 1,738 2,447 445 4,900 
Price USD/kg 0.28 0.28 0.28 0.28 0.28 0.28 
Gross income USD/ha 639 633 487 685 125 1,372 
Input cost USD/ha 70 69 61 77 20 124 
NRHR USD/ha 569 563 413 637 81 1,340 
Total labour 
labour-
days/ha 83 85 61 101 25 143 
NRL USD/day 7.7 6.9 4.0 9.4 1.4 26.4 
Note: NRHR = net return to household resources; NRL = NRHR/total labour 
                                                 
8
 Farm households used small local rice mills to mill their paddy for 1-2 months of home consumption, and the paddy 
they sold went to larger mills with storage capacity located in district market centres and at strategic locations along 
national roads. Ta Daeng Thmei village was 7 km from the main market in Bosedth District. There were 708 small mills 
and 1 large mill in the district (NCDD, 2010). 
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The main purpose of the WS rice crop was for home consumption, with surplus paddy being sold to 
meet the cost of fertiliser and household expenses. On average, the WS crop was just over 3 t (from 
a mean cultivated area of 1.3 ha and a mean yield of 2.4 t/ha). An average household of five 
members needs 1.25 tonnes of paddy, hence there was a surplus of 1.75 t from the WS crop. At a 
farm-gate price of USD 0.28/kg, this would have brought a net cash return of just over USD 400, 
after deducting the cost of fertiliser (Table 6.11).  
The 50% of households that cultivated between 1.0 and 1.9 ha were able to secure rice self-
sufficiency and generate net cash returns from USD 230 to 765 by selling surplus production (Table 
6.11). However, at the lowest end of the range of cultivated area, a household with only 0.2 ha with 
the same five family members would have experienced a rice shortage of 790 kg, requiring an 
outlay equivalent to USD 200 of paddy (though rice-deficit households mainly purchased milled 
rice). A cultivated area of 0.6 ha was the minimum needed to produce rice for one year’s 
consumption by a 5-member household and to sell enough paddy to meet the cash outlay for 
material inputs.  
Table 6.11. Estimated surplus/deficit and net cash flow from a WS rice crop in Ta Daeng Thmei, 
2010 
  Unit Mean Median q1 q3 Range 
      Min Max 
Cultivated area ha 1.3 1.1 1.0 1.9 0.2 3.0 
Output kg 3,006 2,616 2,315 4,456 463 6,945 
Consumption
a 
kg 1,250 1,250 1,250 1,250 1,250 1,250 
Surplus kg 1,756 1,366 1,065 3,206 (787) 5,695 
Gross cash 
income USD 492 382 298 898 (220) 1,595 
Cash costs USD 90 78 69 133 14 207 
Net cash flow USD 402 304 229 765 (234) 1,388 
a 
Assuming five household members 
It was hypothesised that a household’s rice status was influenced by yield, cultivated area, and 
family size. Table 6.12 presents an analysis of these three variables for rice-deficit households (n=9) 
and rice-surplus households (n=50). The rice-deficit households had significantly (p=0.00) lower 
yield (1.3 t/ha compared with 2.3 t/ha) and significantly (p=0.02) smaller area (0.9 ha compared 
with 1.4 ha). The difference in mean family size was not significant at p=0.10. Of course, 
households had the option of cultivating an EWS rice crop to make up for any rice deficit in the 
previous WS. Overall rice sufficiency is analysed further after presenting the data for EWS rice 
production in the following section. 
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Table 6.12. Comparison of rice-deficit and rice-surplus households in Ta Daeng Thmei, 2010 
 Mean Median q1 q3 Range 
       Min   Max  
Rice-deficit households (n=9) 
Yield (kg/ha) 1,250 900 863 1,636 540 2,333 
Paddy area (ha) 0.9 1.0 0.6 1.0 0.2 2.0 
Family size 5.2 4.0 3.0 6.0 3.0 11.0 
Rice-surplus households (n=50) 
Yield (kg/ha) 2,347 2,191 1,482 3,200 467 5,000 
Paddy area (ha) 1.4 1.2 1.0 2.0 0.4 3.0 
Family size 5.0 5.0 4.0 6.0 2.0 9.0 
 
6.4.2 Economics of EWS rice production, 2010   
Despite the availability of irrigation in the EWS, only 56% of households cultivated EWS rice in 
2010.  The non-cultivating households did not give any clear reason apart from saying they had less 
preference for an EWS rice crop. That the reservoir water level was running low in the EWS and 
there was a need to pump water to plots that were less accessible to the gravity-fed irrigation supply 
could have been a discouraging factor. Most of the cultivating households had adopted EWS rice in 
the past five years (Figure 6.9). The majority used only a small proportion of their land for EWS 
rice cultivation, averaging 0.2 ha; the maximum cultivated area was one hectare, carried out by a 
single farmer. Inaccessibility to gravity-fed irrigation was one of the main factors restricting the 
cultivated area. Short-duration, photoperiod-insensitive varieties developed by CARDI were used; 
only one variety introduced by rice traders was identified as a Vietnamese improved variety. The 
adoption of these short-term varieties was necessary to make use of the EWS cultivation window 
(Chea, 2002).  
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Figure 6.9. Number of years since adoption of EWS rice production in Ta Daeng Thmei 
Land preparation, including the seedbed and paddy fields, stretched between February and June but 
many farmers ploughed their fields in April. The most common practice was to plough the paddy 
field three times, followed by two harrowings. There was no use of direct seeding (as practised in 
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Snao); all farmers prepared seedling nurseries and transplanted the seedlings to the main field. 
Because of the irregular rainfall at this time, 90% of nurseries required between one and four 
irrigations, typically two. Though almost every nursery was fertilised with cattle manure, just over 
50% of nurseries were also given an extra application of mineral fertilizers. Every transplanted field 
was improved by the application of mineral fertilizers, mostly urea and di-ammonium phosphate 
(DAP), with 67% being given additional cattle manure. The manure was applied before or during 
the first tillage. Mineral fertilisers were mostly applied twice, once at transplanting and again at the 
booting stage. Most fields required three irrigations, ranging from two to four. Between one and 
three rounds of manual weeding were performed on 64% of farms. Only three farmers used 
pesticides. 
As with WS rice, cultivation of EWS rice depended on family labour, draught animal power, and 
conventional farming tools; only 4 households required the assistance of some hired labour. The 
average total labour input from seedbed preparation until harvesting and transporting the paddy 
home, was 105 worker-days/ha, with half the households reporting between 80 and 120 worker-
days/ha (Table 6.13). The EWS rice crop used more labour than the WS crop, because of more 
thorough land preparation, higher seeding rate, higher density of transplanted hills, a larger amount 
of cattle manure, and more irrigation and weeding.  
As in the WS, the peak labour requirements were for pulling and transplanting seedlings (35%) and 
harvesting, threshing and transporting (35%). Figure 6.10 presents the labour chart for EWS rice 
activities. Pulling and transplanting had the highest labour concentration (1.2 labour-days per day), 
followed by harvesting and post-harvest activities (1.1 labour-days per day). The labour peaks were 
higher than for WS rice because EWS rice had a higher labour input for all activities (105 labour-
days compared with 83 labour-days) but a much shorter duration (120 days compared with 210 
days). 
Table 6.13. Labour requirement for EWS rice production in Ta Daeng Thmei, 2010 (labour-
days/ha) 
Activities Mean Median q1 q3 Range 
      Min Min 
Seedbed activities 3 3 2 4 2 5 
Ploughing 9 7 6 7 3 37 
Harrowing 3 3 2 4 2 6 
Pulling 11 10 7 11 4 33 
Transplanting 26 27 24 29 12 37 
Fertilizing 5 5 3 5 2 8 
Watering 5 5 4 6 2 11 
Weeding 6 6 3 7 3 19 
Harvesting 21 18 16 28 12 45 
Threshing 12 10 10 15 8 21 
Transport 4 3 3 5 2 9 
Total labour 105 97 80 120 51 232 
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Figure 6.10. Average labour chart for EWS rice production in Ta Daeng Thmei in 2010 
The material inputs used were seed, cattle manure, and inorganic fertiliser (Table 6.14). The first 
two were non-market inputs supplied from within the farm household. Inorganic fertilizer was the 
only input involving a cash expense. The average seeding rate was 105 kg per cultivated ha, with 
half the growers sowing between 70 and 150 kg/ha. A high transplanting density was necessary for 
the EWS rice to boost yield, because the low transplanting density used in the WS rice to increase 
the number of tillers per hill would limit the productivity of a short-duration crop. Cattle manure 
was still considered an important source of nutrients, regardless of the use of mineral fertilisers. 
Hence 67% of survey households applied cattle manure; the mean application rate was 3.4 t/ha, 
varying from 1 to 7 t/ha. The small area cultivated in the EWS made the use of manure more 
feasible. As well as applying farmyard manure, mineral fertilizers, mostly urea and di-ammonium 
phosphate (DAP), were applied by every farmer cultivating EWS rice. The average fertilizer rate 
was 150 kg/ha, costing USD 80, the only cash cost for EWS rice. This was only a little higher than 
the fertiliser rate for the WS crop. For irrigation, no water fee was charged and the gravity-fed 
system meant there was no pumping cost. Only a few farmers used pesticides, at negligible cash 
cost.  
Table 6.14. Material inputs for EWS rice production in Ta Daeng Thmei, 2010 
  Unit Mean Median q1 q3 Range 
      Min Max 
Seed kg/ha 106 100 70 150 40 200 
Fertilizers kg/ha 151 150 108 182 50 187 
Cattle manure kg/ha 3,426 3,540 2,009 4,425 708 7,080 
 
An economic analysis of the EWS crop is presented in Table 6.15. The mean yield was 2,200 kg/ha, 
with half the farmers harvesting between 1,500 and 3,000 kg/ha. Thus the yield was very similar to 
the WS yield, despite using CARDI improved varieties. The farm-gate price averaged USD 0.24/kg 
and varied between USD 0.17 and 0.34/kg. The reported prices referred to the time the paddy was 
sold in August 2010. The paddy price of EWS and DS rice crops cultivated with IR504 was usually 
consistent in the different provinces bordering Vietnam to where the paddy was exported. 
According to rice farmers and traders in Kampong Speu and Takeo Provinces, the price of IR504 
  181 
paddy had been stable at around USD 0.24/kg from the survey period until March 2013. Given the 
farm-gate price of USD 0.24/kg, the average gross income per ha was USD 505, allowing 5% of 
yield for seed retention. The total cash cost was USD 79/ha, entirely for purchased fertilisers, hence 
the mean NRHR was USD 425/ha, with half the farmers obtaining between USD 235 and 595/ha. 
Dividing the NRHR by the total labour input of 105 labour-days gave an average NRL of USD 4.5 
per day. As in the WS, there was a wide variation in NRL, between USD 0.9 and 9.8 per day, 
depending on variations in yield and labour input. The return to labour was less than for the WS 
crop but still well above the rural wage rate of USD 3/day. The slightly lower yield and farm gate 
price, but higher seed rate and labour input of the EWS rice, returned a lower NRL.  
Table 6.15. Unit costs and returns of EWS rice production, in Ta Daeng Thmei, 2010 
  Unit Mean Median q1 q3 Range 
      Min Max 
Yield kg/ha 2,205 2,143 1,500 3,000 514 4,000 
Seed kg/ha 106 100 70 150 40 200 
Net output
a
 kg/ha 2,102 2,085 1,406 2,843 434 3,900 
Farm-gate price USD/kg 0.24 0.24 0.24 0.24 0.24 0.24 
Gross income USD/ha 505 500 338 682 104 936 
Cash cost USD/ha 79 80 57 94 20 161 
NRHR USD/ha 425 427 235 593 24 910 
Total labour labour-days/ha 105 97 80 120 51 232 
NRL USD/ha 4.5 4.1 2.6 6.0 0.9 9.8 
a 
Net of seed retained. 
Farm households did not fully use their paddy land for EWS rice cultivation because the gravity 
irrigation system was not favourable for every paddy plot, and farmers were generally reluctant to 
invest in fuel to pump water from the reservoir, which in any case was often at a low level at this 
time of the year. That EWS rice was considered as the secondary rice crop was another reason for 
not fully utilising farm resources. If households had sufficient rice for home consumption from the 
WS crop and cash income from DS peanut and other crops, the incentive to plant a larger area of 
EWS rice would be reduced. As shown in Table 6.16, the average cultivated area of 0.2 ha 
produced nearly 440 kg of paddy and was worth USD 90 in net returns to household resources. Half 
the households were able to harvest between 210 and 420 kg of paddy, worth between USD 45 and 
82 in net returns. For a minority (4 households) this was used to supplement household rice 
requirements, despite the low returns to labour. For others (29 households) this was an additional 
source of cash income, though not a very profitable one. 
Table 6.16. Actual costs and returns for EWS rice production in Ta Daeng Thmei, 2010 
 Unit Mean Median q1 q3 Range 
      Min Max 
Cultivated area ha 0.2 0.2 0.1 0.2 0.04 1.0 
Net output kg 436 420 210 420 84 2,099 
Gross income USD 105 101 50 101 20 504 
Cash costs USD 16 16 6 19 1 161 
Labour input labour-days 26 25 13 25 5 125 
NRHR USD 88 85 45 82 19 343 
 
Table 6.17 shows the overall rice status of the total households surveyed when the EWS crop is 
added to the WS crop. The mean cultivated area increased to 1.5 ha, with half the households 
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cultivating between 1.2 and 2.1 ha. The net output of rice double-cropping secured rice self-
sufficiency for most households, as well as providing additional net cash returns. The mean surplus 
was just over 2 t (up from 1.75 t) and the mean net cash flow was USD 460 (up from USD 400), 
with 50% of households obtaining between USD 300 and 800. (Note that this is based on the 
estimated surplus and the assumption that the surplus was all sold; in practice, some may be stored.) 
At the lower end of the range, a rice grower cultivating 0.4 ha in total still experienced a paddy 
shortage of 375 kg and required cash input from other income sources to cover the cost of fertiliser 
and to buy rice for consumption. As noted above, a minimum area of about 0.6 ha (whether 
cultivated in the WS or spread over the two seasons) was required for an average-sized household to 
be self-sufficient in rice. 
Table 6.17. Estimated surplus/deficit and net cash flow from combined WS and EWS rice 
production, 2010-11 
  Unit Mean Median q1 q3 Range 
            Min Max 
Cultivated area ha 1.5 1.3 1.2 2.1 0.4 3.2 
Net output kg 3,285 2,915 2,630 4,658 877 7,014 
Labour input labour-days 141 125 113 200 38 301 
Consumption kg 1,250 1,250 1,250 1,250 1,250 1,250 
Surplus kg 2,035 1,665 1,380 3,408 (373) 5,764 
Gross cash 
income USD 570 466 387 954 (104) 1,614 
Cash cost USD 111 98 89 157 30 237 
Net returns USD 459 368 298 797 (134) 1,377 
a 
Assuming 5 household members: 1,250 kg. 
Table 6.18 presents the change to rice-deficit households after taking into account the two rice crops. 
With only WS production, 9 households (15%) of were estimated to be in a situation of rice deficit. 
On average, a household experienced a shortage of 410 kg, with a range from 100 to 1,640 kg. Only 
5 of these rice-deficit households cultivated an additional rice crop in the EWS, and only three 
households changed their status to be self-sufficient, given the mean cultivated area in the EWS of 
0.12 ha. Adding in the harvest of the EWS crop, the mean rice-deficit of the 9 households still in 
deficit was 250 kg (down from 410 kg). The higher end of the range could be secured for rice 
supply and the third quartile was hard to make ends meet the rice demand but the second harvest 
make no impact on the lower end of the range, those households with a huge rice deficit.  
Table 6.18. Impact of EWS rice cultivation on rice-deficit households in Ta Daeng Thmei, 2010 
  
Rice deficit with WS 
only (kg paddy) 
(n=9) 
EWS rice output 
(kg paddy) 
(n=5) 
EWS cultivated 
area (ha) 
(n=5) 
Rice deficit with WS 
and EWS (kg paddy) 
(n=9) 
Mean  (409) 282 0.12 (252) 
Median (275) 180 0.10 (100) 
q1 (350) 105 0.10 (350) 
q3 (113) 450 0.15 (8) 
Min (1,641) 75 0.04 (1,461) 
Max (100) 600 0.20 325 
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6.4.3 DS peanut production 
The practice of peanut cultivation in the village was adopted from the neighbouring province of 
Takeo, where non-rice crops were more commonly cultivated; there was no peanut cultivation in 
the village before the Khmer Rouge regime (1975-1979). Peanuts were first planted in upland areas 
in the WS because of the common view among farmers that paddy land was only suitable for rice, 
though water melon was also commonly cultivated on paddy land in the dry season once the dam 
was constructed. Given the good potential return from peanut cultivation and the limited upland 
cropping area, peanut cultivation was extended to paddy fields with reliable access to gravity-fed 
irrigation in the DS. This illustrates how the prospect of good financial returns and reliable 
irrigation can change farmers’ conventional mindset, to adopt new cropping practices.  
The majority of farmers interviewed (80%) cultivated peanuts on paddy land in DS 2011, while 
17% cultivated peanuts on upland plots in WS 2010 and 3% in the EWS on paddy land. They had 
cultivated peanuts for an average of 10 years, with most (77% of those cultivating peanuts) had 
done so for no more than 10 years (Figure 6.11). Due to the restricted access to irrigation of some 
paddy plots, farmers were unable to utilise their total land holdings for peanut cultivation. The 
average area cultivated was 0.2 ha, ranging from 0.03 to 0.5 ha. Regarding cultural practices, the 
earliest land preparation was in November and the latest in January, but most land preparation was 
carried out in December. Land preparation involved from 2 to 4 cultivations, using a cattle-drawn 
mouldboard plough.  
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Figure 6.11. Number of years since the adoption of peanut cultivation on upland and paddy                
land in Ta Daeng Thmei 
When the cultivated plots were well ploughed and harrowed,  1.5m-wide flatbeds were formed by 
furrowing (20 cm depth) between the beds to protect the crop from waterlogging and facilitate 
irrigation (Figures 6.12 and 6.13). The formation of flatbeds also made it easier to return the 
paddies to their original condition by tilling across the beds when preparing the land for rice 
cultivation. The peanut seed was manually sown on the flatbeds, with twelve rows per bed. 
Irrigation and manure application were carried out by almost every peanut grower. Cattle manure 
and mineral fertiliser were applied before the last harrowing or at planting by placing the fertiliser 
and manure around the planting holes. With gravity-fed irrigation, water was released from the 
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distributary canals to run along the furrows; the peanut growers manually sprinkled water across the 
flatbeds from adjacent furrows. This was in contrast to the DS rice crop planted by a few farmers, 
which required standing water to be maintained in the field, or at least muddy field conditions 
(Figure 6.14). The weeds were manually removed from the beds by hoes or similar implements; the 
weeding activity was performed before the crop had pegged (i.e., when the fertilised pods enter the 
soil) to avoid damaging the peanut pods. The second application of chemical fertilizer was carried 
out after the first weeding, to promote crop growth. Given the loose, sandy soil, the peanut plants 
with pods were easily plucked out of the ground by hand without any digging tool. Both plants and 
pods were transported home by oxcart, bicycle, or shoulder yoke, for manual threshing, and the 
green vegetative material could be fed to cattle. Peanut pods required no storage and were collected 
by peanut traders while still with a high moisture content.  
 
 
Figure 6.12. Peanut crop at the establishment stage in Ta Daeng Thmei, January 2011 
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Figure 6.13. Peanuts plots affected by unusual heavy rainfall in late March 2011 in                                    
Ta Daeng Thmei, 2011 
 
Figure 6.14. DS rice cultivated by a few farmers to supplement rice supply due to poor                                  
WS rice yield in Ta Daeng Thmei, January 2011 
The total labour input for peanut production from land preparation to harvesting averaged 95 
labour-days/ha, with half the households reporting between 71 and 112 labour-days/ha (Table 6.19). 
The labour input can be divided into the “necessary” activities carried out by every household (78 
labour-days), including ploughing, harrowing, planting, irrigating, and harvesting, and the 
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“optional” activities practised by the majority (18 labour-days), including fertilizing, manuring, and 
weeding. Labour requirements were fairly evenly spread over the different activities, except for 
harvesting, which required one third of the total labour-days.   
Table 6.19. Labour requirement for peanut production in Ta Daeng Thmei, 2011 (labour-days/ha) 
Activities Mean Median q1 q3 Range 
      Min Max 
Ploughing 15 15 13 16 3 39 
Harrowing 5 4 4 6 1 13 
Planting 9 8 7 11 1 23 
Fertilizing 3 1 1 3 0 19 
Manuring 9 9 6 11 2 15 
Watering 14 15 8 18 2 20 
Weeding 6 6 6 6 5 6 
Harvesting 35 35 25 41 10 52 
Total labour 95 93 71 112 24 186 
 
Figure 6.15 presents the labour chart for the four-month production period. Land preparation had a 
low labour concentration (0.66 labour-days per day), whereas sowing and nutrient application was 
undertaken over a two-week period, creating the highest labour concentration (1.4 labour-day per 
day). Irrigation and weeding required only 0.33 labour-days per day, but there was another peak at 
harvesting, which required 1.0 labour-day per day over 5 weeks. The average requirement was 
around 1.1 labour-days per day for the 90 days from the commencement of planting to the end of 
harvesting. Hence even a one-hectare crop could be managed by one family worker, with assistance 
from a second worker at the peak times of sowing and harvesting. 
 
Figure 6.15. Average labour chart for 1 ha of DS peanut production in Ta Daeng Thmei in 2011 
The material inputs for peanut production included seed, cattle manure, and inorganic fertilisers, 
with only the fertilisers involving a cash outlay (Table 6.20). The average seed rate was 200 kg/ha, 
with half the peanut growers planting between 150 and 240 kg/ha. The growers did not purchase 
seed but used their owned reserved seed from the previous harvest. With the practice of saving seed 
from year to year, the peanut growers could not identify the original peanut variety but claimed they 
had acquired seed from neighbouring villagers. It is likely the peanut seed originally came from 
upland areas where peanuts, soybean, corn, mungbean and sesame, are widely cultivated (MAFF, 
2009-2013).  
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The imputed value of the seed was around USD 200/ha, based on the farm-gate price of the 
harvested pods. The quantity of pods was converted to an equivalent seed weight and deducted from 
the harvested yield when calculating the economic return (see below). Farmyard manure was 
applied by all but two of the peanut growers. The average manure application was 7 t/ha, but ranged 
up to as much as 18 t/ha. This was much more than for WS rice (2 t/ha) or EWS rice (3 t/ha). There 
was no financial cost for the manure, as the farmers generally used their own supply; the only cost 
was the labour input, which was accounted for in Table 6.19. Though the common view among 
farmers was that cattle manure and other green materials improved soil fertility with no negative 
impact, there was also a financial constraint on purchasing chemical fertilizer. Nevertheless, all 
farmers applied inorganic fertilisers (DAP and compound NPK fertilizers) at a mean rate of 100 
kg/ha, less than for either WS or EWS rice production, with half the peanut growers applying 
between 75 and 125 kg/ha. The total outlay was USD 57/ha. Research on peanut and other legumes, 
particularly on rainfed paddy lands, has not been undertaken until recent research projects carried 
out by UQ and CARDI (ACIAR, 2012). The nutrient rates used in the peanut and mungbean 
experiments were 10 t/ha of cattle manure and 23N-60P2O5-30K2O kg/ha, which is equivalent to 
130 kg of DAP and 50 kg of KCl with a total fertilizer cost of USD 115/ha. Hence the farmers were 
only somewhat below the rates recommended by researchers. 
Table 6.20. Material inputs for peanut production in Ta Daeng Thmei, 2011 (kg/ha) 
  Mean Median q1 q3 Range 
     Min Max 
Seed 200 200 153 238 60 350 
Fertilizers 100 100 75 125 35 250 
Cattle manure 7,132 5,900 3,540 9,440 1,770 17,700 
 
An economic analysis of the peanut crop is presented in Table 6.21. The mean yield of peanut pods 
was 1,215 kg/ha, with half the growers harvesting between 935 and 1,400 kg/ha. The yield reported 
as pod quantity was converted into kernel weight based on the ratio of peanut pod to kernels of 2:1, 
based on the estimates of the survey respondents. According to the UQ-CARDI field experiments, 
the average kernel weight was 64% of the pod weight, with a range of 45 to 70%, confirming the 
farmers’ estimate. No farmer experienced crop failure. In upland districts, the yield of peanut pods 
has been reported as 1,200 kg/ha (Chea et al., 2009), which converts to 770 kg of kernels/ha. 
Experiments on various major soil types in Cambodia gave an average pod yield of 1,850 kg/ha 
(1,185 kg kernels/ha), with a range of 1,030 to 2,720 kg/ha (Seng et al., 2009). Hence the yield in 
Ta Daeng Thmei compares favourably with other locations.    
As noted above, the harvested peanuts, including the green biomass, were transported to the 
farmhouse to be threshed and dried for a short period. Moisture content was not a constraint for 
marketing, because the pods were sold by using traditional Khmer measure – a bamboo basket (tao 
or le ei) holding between 12 and 15 kg. The price, which was quite consistent among the 
households surveyed, was USD 6 for a 14 kg basket. Traders came to buy peanuts from the growers 
in the village during the harvesting season. The peanuts were then traded as snack food, either as 
dried kernels or as boiled and roasted kernels.   
Based on the above price and conversion factors from peanut pods to kernels,  and basket price to 
price per kilogram, the mean gross income was USD 1,010/ha after deducting the seed requirement 
from the yield. Subtracting USD 57 of cash costs for fertiliser, the net return to household resources 
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(NRHR) was USD 953/ha. Unlike the case of WS rice, however, this was almost entirely a cash 
return. Dividing the NRHR by the labour input gives the net (cash) return per unit of family labour 
(NRL), which averaged USD 11.0/day, with half the growers returning between USD 6.7 and 
14.6/day. The mean return was higher than for WS rice (USD 7.7/day) or EWS rice (USD 4.5/day) 
and compared very favourably with the local rural wage rate of USD 3/day. 
Table 6.21. Unit costs and returns for DS peanut production in Ta Daeng Thmei, 2011 
  Unit Mean Median q1 q3 Range 
        Min Max 
Yield (grain) kg/ha 1,214 1,215 935 1,400 280 2,800 
Seed kg/ha 204 200 200 200 100 350 
Net output kg/ha 1,010 1,015 735 1,200 60 2,600 
Farm-gate price USD/kg 1.0 1.0 1.0 1.0 1.0 1.0 
Gross income USD/ha 1,010 1,015 735 1,200 60 2,600 
Input expenses USD/ha 57 54 40 68 24 122 
NRHR USD/ha 953 944 694 1,149 30 2,522 
Total labour labour-days/ha 95 93 71 112 24 186 
NRL USD/day 11.0 10.2 6.7 14.6 0.3 41.0 
a 
Net of pods retained for seed. 
To reflect the actual situation of peanut growers, Table 6.22 shows the costs and returns per farm-
household rather than on a per-hectare basis. The net peanut output (after deducting seed 
requirements) from the mean cultivated area of 0.2 ha, was 195 kg of kernels, with half the peanut 
producing households harvesting between 100 and 250 kg. Subtracting the USD 11 cost for mineral 
fertilizers, the net cash return from 0.2 ha was USD 184, with half the households earning between 
USD 95 and 240. The mean labour requirement was only 20 labour-days, accounting for 0.2 labour-
days per day. Hence the peanut crop provided a good cash return to the household’s labour and 
working capital, while only utilising part of the household’s land and labour resources in the DS. 
Table 6.22. Costs and returns per farm-household for DS peanut production in Ta Daeng Thmei, 
2011 
  Unit Mean Median q1 q3 Range 
            Min Max 
Cultivated area ha 0.19 0.20 0.10 0.25 0.03 0.50 
Output (seed) kg 195 202 101 253 30 505 
Gross income USD 195 202 101 253 30 505 
Input costs USD 11 11 6 14 2 29 
Net returns USD 184 191 95 238 29 477 
Total labour Days 21 21 11 27 3 54 
 
6.5 Cattle Raising 
6.5.1 Cattle ownership 
Like other lowland villages, Ta Daeng Thmei relied almost entirely on draught animal power for 
farming operations and transportation; every household in the village raised cattle and there was 
only one household that owned a two-wheel tractor. The total village cattle herd was 475 head, 
implying a stocking rate of 3.65 cattle/ha (including all cropland and houseyards) (Village Statistics, 
2010), compared with 2.4 cattle/ha in Trapeang Run village and 0.9 cattle/ha in Snao village. The 
mean number of cattle kept was 3.7 head per household, valued at around USD 1,530 (Table 6.23). 
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Though the number ranged widely, from 1 to 7 head, half the households owned between 3 and 5 
head. Taking the numbers in the survey sample as a whole, the ratio of cows:bulls:calves was 
1.58:1.00:0.75. As well as accounting for a large share of household capital, sales of cattle also 
provided a source of household income (see Section 6.6 below). 
Table 6.23. Numbers and value of cattle owned in Ta Daeng Thmei, by category (2011) 
  Unit Cows Bulls Calves All 
Households owning % 90 56 66 100 
Mean No. head 1.7 1.1 0.9 3.7 
  USD 814 530 186 1,530 
Median No. head 2 1 1 4 
 USD 740 510 146 1,240 
q1 No. head 1 0 0 1 
  USD 407 0 0 407 
q3 No. head 2 2 1 5 
  USD 814 1,600 186 2,600 
Range No. head 0-4 0-5 0-3 1-7 
  USD 0-1,628 0-2,650 0-558 320-4,270 
 
Of the interviewed households, 90% kept cows, 56% kept bulls, and 66% kept calves (Table 6.23). 
As in the other two villages covered by the survey, a pair of bulls was preferred for draught 
purposes, with cows being kept primarily for wealth accumulation through calving. However, the 
data on herd composition indicated that many households had no bulls. These households needed to 
use cows for draught as well as reproduction, due to their restricted financial situation. The 46% of 
survey households that had 2 or more bulls averaged 1.4 ha of paddy land, compared with an 
average of 1.2 ha for households with less than 2 bulls. More of the former group (74%) than the 
latter (56%) had an extra upland plot of land. Thus ownership of bulls was related, in part, to the 
household’s income-earning capacity.  
As in the other villages, a farm household could own or manage cattle by several means – 
inheritance, producing calves, purchase, and keeping cattle on a share basis. The most common 
source was to inherit cattle and to raise calves from this stock. A calf could be sold if the owner 
required cash urgently, or be retained as replacement stock. However, the market price of a calf was 
not well known by the farmers interviewed, because trading was uncommon; most calves were 
raised to maturity and retained by the household. 
Over the previous ten years, cattle purchasing and selling had become significant in the village. 
Around 47% of households had purchased one or more cows, and 24%, one or more bulls. Overall, 
about 41% had sold cattle and 58% had both sold and purchased cattle. Before 2000, only a few 
households had purchased cows and there was not a single case of purchasing bulls. Most cattle 
trading has occurred since 2005. In nearly 60% of cases, cattle purchasing occurred within the 
village, and in just over 40% of cases farmers bought cattle from other locations. As for cattle sales, 
traders were commonly informed in advance and the transaction occurred in the village.  
Respondents indicated that the highest prices for both cows and bulls were for animals aged 
between 4 to 5 years, with cows averaging USD 420 and bulls averaging USD 560 (Table 6.24). 
According to those farmers trading cattle, market prices have been increasing over the past several 
years, especially for bulls. The growth of farm household income may have created some demand 
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for cattle, especially bulls, but in most cases the cattle that were sold went to slaughter, to meet the 
growing demand for beef.  
Table 6.24. Reported market prices for cattle in various age ranges in Ta Daeng Thmei, 2011 
(USD/head) 
Age (yrs) Mean Median q1 q3 Range 
     Min Max 
Cows 
1-3 328 341 244 366 195 488 
4-6 418 415 366 488 171 732 
7-10 314 280 201 366 122 732 
Bulls 
1-3 410 415 366 488 146 683 
4-6 564 585 488 610 146 976 
7-10 501 488 384 616 244 1,049 
 
The practice of keeping cattle on a share basis, traditionally practised across the country, seemed to 
be less common in the village, with only 10% of households reporting that they were cattle keepers. 
The practice prevails in villages where there are large numbers of farm households with no cattle, 
but every household in Ta Daeng Thmei had cattle. The shared cattle were all cows and the cattle 
keepers were relatives, friends, and neighbours of the cattle owners. The cattle keepers had their 
own cattle but had sufficient labour to increase their herd size through sharing. The owner of the 
cattle, on the other hand, was likely to have been short of labour, perhaps because household 
members were working away from the village, yet he or she still wanted to accumulate wealth 
through this traditional form of investment. The contractual arrangements for cattle keeping were as 
described for the other two villages (see Sections 4.5.1 and 5.5.1). 
6.5.2 Cattle management 
The traditional practice in Cambodia of allowing cattle to freely graze during the dry season was 
necessarily restricted in this village because of the significance of dry-season crops such as peanuts, 
rice, and water melons (Figure 6.16). On the other hand, there were more sources of feed in the 
form of crop by-products, due to the continuous succession of crops throughout the year. All 
households fed WS rice straw to cattle for around 9 months of the year. The 20% of households that 
cultivated EWS rice used rice straw from that crop to supply their cattle for almost 6 months.  
Because of manual threshing of WS rice is conducted within the houseyard, rice straw remains  in 
bundles after removing the grain and is able to be neatly stacked, with bundles on the top forming a 
roof shape to protect the straw underneath from rainfall. Farmers easily pull bundles from inside the 
stack to feed their animals regularly in the evenings. DS and EWS rice crops in other villages are 
commonly threshed by a mechanical thresher on the paddy field, which was a constraint to 
transporting and storing rice straw, but the EWS rice in this village was manually threshed because 
of the small production and the short distance between the paddy fields and housing area.  
All peanut growers in the village had green peanut straw to supplement their cattle’s diet during the 
peanut harvest, which could last for a month. Collecting native grasses was necessary for 3 to 5 
months in the wet season, as the grazing area was most restricted at this time. One or two workers 
were required to collect grass for around 3 hours a day.  
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Figure 6.16. A Harayana-cross cow tethered for grazing on paddy field in Ta Daeng Thmei                
in April, 2012, in the short window between the DS peanut and EWS rice crops.                         
Note the poor body condition towards the end of the DS. 
Figure 6.17 outlines the feeding and grazing activities over a 12-month period. WS rice straw was 
available for much of the year, being fed from December until the following September. Tethered 
grazing of the rice stubble was carried out after the WS rice harvest in December and continued 
until the next WS transplanting in July. Most cattle owners preferred to tether their cattle in the 
paddy field for around 6 hours a day for 9 months of the year. A household worker was required to 
shift tethered cattle every 2-3 hours; this did not prevent him or her from undertaking other tasks in 
between times. EWS rice straw and native grasses were supplied during the WS when the options of 
feeding WS rice straw and tethered grazing were not available. 
Rearing cattle required no monetary outlay for feed but there were some expenses for vaccination 
and veterinary treatment. Vaccination and treatment, in particular for foot and mouth disease (FMD) 
was provided by the Department of Animal Health and Production (DAHP) through a locally 
trained agent. Around 70% of households used the cattle vaccination service which cost only USD 
0.50 per year for one animal. Nearly 50% of households also required treatment for their cattle, 
which was more costly, averaging USD 13 per year and ranging up to USD 50. The large number of 
households that had their cattle vaccinated shows that farmers were aware of the importance of 
vaccination, but the figure of 50% of households requiring treatment suggests that the vaccine may 
not have always been effective.  
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Figure 6.17. Cattle feeding systems in Ta Daeng Thmei
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6.5.3 Cattle productivity 
Raising cattle provided immediate services to the farm household in the form of draught power for 
land preparation, transportation, and farmyard manure, as well as substantial long-term income 
through the sale of culled animals and also more marketable mature animals.  
An average of 5 ha of paddy land was ploughed by a pair of cattle per year (the summation of  the 
total area cultivated) and some households used cattle to plough as much as 10 ha, given double- or 
triple-cropping, with 2-3 rounds of ploughing per crop  (Table 6.25). Moreover, the performance of 
harrowing ranged from one third to double the area of land ploughed. Cattle owners tried not to 
over-exploit their animals’ energy but used them for 4-5 hours per day. The total duration of land 
tillage, including ploughing and harrowing activities, extended over a period from 6 to 10 weeks per 
year. 
Table 6.25. Non-marketed outputs of cattle in Ta Daeng Thmei, 2010-11 
Output Unit Mean Median q1 q3 Range 
      Min Max 
Cultivated area ha 4.7 4 3 6 1.5 10 
Transportation cart trips 28 11 8 12 5 50 
Manure/head tonnes 1.2 1.1 0.8 1.5 0.4 4 
Total manure tonnes 4.4 4.2 3 6 1 13 
 
Farmers also used a pair of cattle to pull a two-wheeled cart as the main means of transporting 
manure to the farm, paddy rice to the home, and rice and other farm products to  local markets, 
which were 2 to 7 km distant  (Figure 6.18). The use of cattle for transportation varied widely, 
ranging from between 5 and 50 trips per year. Most farmers also used cattle to transport their paddy 
rice from the field to the house, requiring about 10 cart-trips per year (Table 6.25).  
 
Figure 6.18. Transport of bamboo from village to the market in Ta Daeng Thmei on                              
National Road 3, 2010 
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Farmyard manure was considered as one of the valued outputs of cattle rearing and was one of the 
main reasons for keeping cattle (Table 6.25). An average farm household with 4 cattle was able to 
accumulate around 5 tonnes of manure during the year (1.2 tonnes per head). It was a common 
practice for cattle to be sheltered under or next to the house at night, to facilitate the collection of 
their manure in the morning. As described in earlier chapters, the manure was placed in a pit within 
the houseyard and other wastes were added. The resultant farmyard manure was transported 
manually or loaded onto an oxcart for transportation to the fields before land preparation. The 
manure could be applied for up to three crops, the highest rate being for DS peanut production, 
followed by EWS rice and WS rice. The farmyard manure was not commonly traded but was priced 
at between USD 25 and 30 per tonne if it was sourced from other households in the village. In 
addition to providing farmyard manure, cattle grazing in the paddy fields or upland fields in the DS 
naturally fertilised those fields for subsequent cropping. 
The highest expectation of cattle owners was to produce calves, because this provided a future 
source of draught power and cash income. The cow was mated naturally when the oestrus period 
came. Because bulls made up less than a third the village herd and the practice of free grazing was 
no longer allowed, most cow owners had to communicate with the owner of a preferred bull to 
arrange a mating. However, no mating fee was charged because of the tradition of mutual support. 
The period from December to February was the most likely period for cows to show oestrus 
because of the break from field tasks and the improved feed supply.  
Cattle owners expected their cows to become fertile and produce their first calf at between 2 and 4 
years of age, but the majority agreed that a 3-year old cow could be expected to calve. After the first 
calf, the calving interval could range from 1 to 3 years, but most households reported the production 
of 2 calves over 3 years, that is, a calving interval of 18 months. This is typical of traditional low-
intensity cattle systems in Cambodia and elsewhere (Pen et al., 2013). Maclean (1998) explains that 
producing 2 calves every 3 years means that cows become pregnant nine months after their last calf 
was born, so that 66 of every 100 cows in a village herd would produce a calf in any given year. 
Pen et al. (2013) found that poor nutrition was a major cause of the low reproductive performance 
of Cambodian cattle. Nearly 50% of cattle owners in the survey considered the productive lifespan 
of a cow capable of producing between 4 and 6 calves and 30% of respondents expected between 7 
and 10 calves.  
Around 25% of the cattle owners estimated that the average weight of an adult bull in their village 
was around 340 kg. Farmers appeared not to pay much attention to cattle growth rates and health, 
apart from feeding them so as to supply draught power and produce calves. Farmers commonly 
provided better care and more feed to pregnant cows and to cattle providing draught power. Farmers 
were inconsistent in their views about liveweight increases in the WS and the DS. Almost 60% 
thought their cattle did better in the DS, while the others indicated the WS. The DS was favourable 
for cattle in that there was more cropland available for grazing, there were fewer mosquitoes, and 
the cattle had less draught work to do. However, in the WS there was more green feed, providing 
better nutrition. Young et al. (2013b) found daily weight gains under village conditions of 0.13 kg 
in the WS and 0.04 kg in the DS. Other researchers have found that the growth and development of 
Cambodian cattle can be improved by providing an adequate supply of high-nutritional feed, with 
different feed qualities contributing to various daily weight gains (0.33 to 0.52 kg) (Mong et al., 
2013). Cambodian cattle are also commonly infested by intestinal parasites (Young et al., 2013a), 
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hence drenching could further improve weight gains and overall performance. However, there was 
no evidence as yet of improved cattle management in Ta Daeng Thmei. 
Most farmers (over 90%) sold old cattle, including cows that were no longer fertile and bulls that 
had insufficient strength to provide draught power. Otherwise they would risk foregoing 
considerable revenue if they kept old cattle that were vulnerable to illness and death. Farmers had 
little idea of the age of cattle when they sold them, as they were kept for many years, in some cases 
up to 20 years. Sales of cattle also occurred at younger ages to generate an income to meet a major 
household need. Figure 6.19 presents cattle prices obtained for the sale of 33 cattle by 24 
households in 2010. Around two thirds of those selling cattle in that year sold one animal and the 
rest sold two, except for one household that sold three. The prices ranged from below USD 100 to 
USD 600 per head, indicating that sales included some healthy fertile cows and full-strength bulls. 
 
Figure 6.19. Sale of cattle and prices obtained among 24 households in Ta Daeng Thmei                    
in 2010 
6.5.4 Other livestock 
The majority of the households surveyed (90%) raised chickens and a minority also raised pigs 
(30%) and ducks (40%), mainly for cash income and for special events (Table 6.26). Numbers were 
generally small and the mean value of these livestock was USD 110. The sale of pigs and poultry 
were also a source of income. Around 80% of pig owners and 50% of poultry owners earned cash 
income from sales in 2010, averaging USD 190 from pigs and USD 65 from poultry. 
 Table 6.26. Numbers and value of pigs and poultry owned in Ta Daeng Thmei, by category (2011) 
  Unit Pigs Chickens Ducks Total 
Households (%) 29 90 37 - 
Mean No. head 1 19 3 - 
  (USD) 22 82 9 113 
q1 No. head 0 5 0 - 
  (USD) 0 19 0 19 
q3 No. head 1 30 4 - 
  (USD) 16 124 15 155 
Range No. head 0-12 0-70 0-20 - 
  (USD) 0-293 0-298 0-73 0-440 
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6.6 Whole-Farm Analysis 
The whole-farm analysis relates to a representative household with 1.3 ha of paddy land, 0.2 ha of 
upland, 4 cattle (including 2 mature cows, used for draught purposes), and some poultry. Table 6.27 
presents an analysis of the cropping component. With a cropping system of WS rice-DS peanut-
EWS, the total area cultivated was 1.7 ha, representing a cropping intensity of 1.3 (still relatively 
low because of the small areas cultivated in the DS and EWS). The total paddy rice harvested was 
3.5 tonnes (86% from the WS crop) and the harvest of peanuts averaged 230 kg of grain. Apart 
from land and water, the cropping system required USD 120 of working capital, 170 labour-days, 
and 5 tonnes of farmyard manure as the main production inputs. WS rice used 60% of the manure 
applied but the per-hectare application rate was much higher for the peanut crop (the plots used for 
peanuts were also often used for rice nurseries, hence the high rate of manure application would 
have provided residual nutrients for the rice seedlings). Rearing four cattle was sufficient to provide 
the farmyard manure used in this cropping system.  
Table 6.27. Input, output and net cash flow of a representative cropping system in Ta Daeng Thmei, 
2010-2011  
  Unit WS rice DS peanut EWS rice Whole farm 
Cultivated area ha 1.30 0.19 0.21 1.70 
Output kg 3,055 234 458 3,747 
Seed kg 93 39 22 154 
Consumption
a
 kg 1,250 - - 1,250 
Surplus kg 1,712 195 436 2,342 
Farm gate price USD/kg 0.28 1.00 0.24 - 
Gross income USD 855 234 110 1,199 
Gross cash income USD 479 195 105 779 
Labour input days 108 18 22 148 
Organic nutrient kg 2,946 1,376 711 5,033 
Cash costs USD 91 11 16 118 
Net cash flow USD 388 184 88 660 
a 
Assuming 5 household members. 
Deducting seed retention needs and household rice consumption, the total paddy rice surplus was 
2.1 tonne, 80% from the WS crop. The total cash income was USD 780 from the two rice crops and 
the peanut crop, with WS rice accounting for 61% and the peanut crop for 25%. After paying cash 
expenses, the cropping system returned a net cash of USD 660, with WS rice again accounting for 
more than half. Thus WS rice contributed most of the rice for household consumption as well as 
most of the cash income, reflecting the relatively large paddy area (1.3 ha) and the irrigation 
constraints on DS production.  
Table 6.28 presents an annual profile of the net cash flow for the whole cropping system. 
Commencing with the main crop, the WS rice seedbed preparation started in June but required no 
cash until the application of mineral fertilizers at the transplanting stage in August. The sale of 
EWS paddy helped meet this cash requirement. However, a cash deficit (USD 30) occurred in 
October because of the financial outlay for fertilizer for topdressing, with no offsetting income 
between September and December. The harvest of WS rice which commenced in December 
provided a constant source of cash income from that point. The sale of the DS peanut harvest from 
March to April, combined with cash income from the sale of WS rice, maintained a positive cash 
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income of USD 100 per month from January through to July, just before harvesting the EWS rice in 
August.  
The liquidity of farm households over the 12-month period can be seen by looking at the cumulative 
cash flow or cash balance. Cash Balance (1), starting in January, and Cash Balance (2), starting in 
July, were positive throughout, implying little or no need for credit for the cropping system. Since 
the WS rice cultivation was the most important cash income source from cropping activities in Ta 
Daeng Thmei and Trapeang Run, the cash balance (2) of those two villages started in July.  
The distribution of monthly labour requirements for the cropping and livestock systems is presented 
in Figure 6.20.With conventional farming practices, a total of 174 labour-days were employed in 
cropping activities, with an average of 105 labour-days/ha. The total annual labour input for cattle 
activities was estimated to be 144 labour-days. The labour profile peaked in July-September, largely 
due to WS rice. Cattle management also required more labour at this time, as the paddy fields were 
occupied and labour was needed to collect feed. A second peak occurred in December-January with 
the concurrent activities of the WS rice harvest and DS peanut land preparation. The monthly labour 
requirement ranged from 17 labour-days (0.6 work-day per day assuming a 6-day week) to 35 
labour-days (1.3 work-days per day). A farm-household with the equivalent of 3 workers would not 
experience a labour constraint, even in the peak periods, leaving time for some household members 
to engage in non-farm activities, whether locally or away from the village. 
Given the relatively large land holding (1.3 ha), the representative farm experienced no land 
constraint, as the DS and EWS crops were each cultivated on only 0.2 ha. The limitation of the 
irrigation system was clearly a major barrier to increasing the area cultivated in these two seasons. 
Farmers lacking adequate access to gravity irrigation were reluctant to invest in pumps and fuel to 
irrigate DS crops. In addition, the size of the market for peanuts was limited because only local, 
door-to-door traders purchased peanuts to sell, boiled or roasted, at local markets where there was 
minimal day-to-day demand. A larger market would need to be secured to warrant an expansion of 
investment in irrigation for a greater peanut output.  
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Figure 6.20. Profile of labour input for a representative farm (1.3 ha) in Ta Daeng Thmei,                   
2010-11 
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Table 6.28. Profile of cash flow from cropping activities of representative farm (1.3 ha) in Ta Daeng Thmei, 2010-11 
 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year end 
Cash costs 5 6   8 8 
 
60 
 
30 
  
117 
WS rice 
       
60 
 
30 
  
90 
DS peanut 5 6 
          
11 
EWS rice 
    
8 8 
      
16 
Cash income 100 100 200 181 92  105 (30) 778 
WS rice 100 100 100 100 92   
     
492 
DS peanut 
  
100 81 
        
181 
EWS rice 
       
105 
    
105 
Net cash flow 95 94 200 181 84 (8) 
 
45 
 
(30) 661 
Cash balance (1) 95 189 289 370 462 554 646 691 691 661 661 661 661 
Cash balance (2) 110 204 404 585 669 661 0 45 45 15 15 15 661 
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The small area of EWS was presumably mainly due to the irrigation constraint, as there was a high 
market demand for this variety (IR504) to be exported to Vietnam. The cultivated area was limited 
to the paddy land that had reliable access to gravity-fed irrigation and was partly decided by 
subsistence needs. EWS rice was cultivated by 50% of the survey households in 2010, partly to 
make up for a poor harvest of WS rice in 2009. As currently practised, the EWS rice crop provided 
little cash flow and low returns to labour, so again there was not much incentive to expand the area 
under cultivation. 
6.7 Household income 
Households produced two main sources of income – rice (and other minor agricultural produce) for 
subsistence use, and cash income from crops, livestock, and wage labour. As discussed in Sections 
6.4.1 and 6.4.2, most households produced enough rice in the WS, and some with the addition of an 
EWS rice crop, to be self-sufficient in rice. Only 12% of households experienced a rice deficit, 
primarily because of insufficient paddy land (less than around 0.6 ha if relying on WS rice alone). 
On average, the imputed value of the rice retained for household consumption was about USD 350. 
The worst case in terms of subsistence production was a household cultivating 0.2 ha of paddy land 
in both WS and EWS and incurring an estimated paddy rice deficit of 370 kg, worth about USD 100 
(Table 6.17). 
The major sources of cash income for the survey households are shown in Figure 6.21. WS rice 
(90% of households) and non-rice crops (97%) were the most common sources. Livestock was also 
an income source for 66% of households, and 49% received income from non-farm activities, 
comprising mainly remittances from family members who worked away from the village and some 
small businesses, village administration, and equipment rental such as tables, chairs, and 
loudspeakers for various ceremonies in the village. Other less frequently cited sources of income 
included EWS rice and off-farm labour in the village.  
 
Figure 6.21. Sources of household cash income in Ta Daeng Thmei, 2010-11 
Figure 6.22 breaks down the components of non-rice crops and livestock. Peanut production was an 
income source for 88% of households, and water melons for 34%, while vegetables and mungbean 
provided a cash income for only a minority. Though primarily oriented to the provision of draught 
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power and farmyard manure, the sale of cattle provided a source of cash income for 62% of 
households, chickens for 59%, and pigs for 33%.  
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Figure 6.22. Breakdown of income sources from non-rice crops and livestock                                               
in Ta Daeng Thmei, 2010-11 
Non-agricultural activities, including wage employment within and beyond the village and small-
scale trading, were also important sources of income for some households, encompassing a total of 
33 families (Figure 6.23). Small businesses and occasional or seasonal job opportunities between 
farming activities within the village accounted for 30% of these activities. A few villagers travelled 
to other provinces for farm employment. Some 55% of the activities involved employment in 
garment factories or as construction workers in Phnom Penh; the village was located within 50 km 
of the industrial areas of Phnom Penh. About 10% of activities involved travel to neighbouring 
countries and further afield, to seek employment.  
 
Figure 6.23. Locations of non-agricultural activities in Ta Daeng Thmei, 2010-11 
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Among those with employment away from the village, there were different work patterns, 
influenced by the type of employment, the availability and cost of temporary accommodation, and 
the possibility of daily commuting to the work site. Casual farm work in other provinces was 
seasonally available, enabling workers to return to the village for WS rice cultivation. Construction 
workers preferred to be employed as long as possible, preferably for the duration of a project, and to 
stay on-site, travelling to the village only during long public holidays. Many younger people 
worked in the garment factories in the industrial areas on the southern outskirts of Phnom Penh. 
Most preferred to stay nearby the factories but some chose to commute daily from the village, as 
monthly-paid transport was available; the expenses for food and accommodation in Phnom Penh 
were greater than the cost of daily transport, and they could also assist in farming activities in the 
evening and over the weekend. Overseas workers, however, did not return home as long as they 
were employed, because the jobs were highly paid and it was a competitive market. 
The average annual cash income from all sources was USD 1,125, ranging from USD 35 to 3,645. 
Every survey household earned cash income from at least one of the income sources. The 
distribution of annual cash income is presented in Figure 6.24. The majority (86%) of households 
earned USD 2,000 and below, while 14% earned between USD 2,000 and 4,000.  
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Figure 6. 24. Distribution of annual cash income from all sources in Ta Daeng Thmei, 2011 
Table 6.29 shows the distribution of cash income from the major income sources, and the mean 
cash income from each source. As already noted, WS rice and non-rice crops were the most 
important sources of cash income for almost all households (90% and 97% respectively). On 
average, sales of WS rice provided the largest cash income (USD 306), with 64% of households 
earning around that amount. This reflects the relative homogeneity in the household workforce and 
in ownership of paddy land, as described in Section 6.3, as well as the uniformity in cultivation 
practices and yields, as described in Sections 6.4 and 6.5. Overall, about 2 tonnes of paddy rice 
were sold, earning a gross cash income of USD 570. This was more than the mean value of rice 
retained for subsistence (USD 350). 
The income from non-rice crops (mostly peanuts) averaged USD 222, with almost all households 
(92%) earning below USD 500. Again, the relative uniformity in the distribution of income from 
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this source reflected the uniformity in the area cultivated and the practices used. Livestock sales 
were also a source of income for more than half the households (66%), averaging USD 305, close to 
the average for WS rice. In relation to livestock, however, the income distribution was wider, with a 
third of households having no livestock income and about a quarter earning USD 500 or more. Non-
farm income averaged USD 222 per household but also varied widely, with 59% of households 
receiving no non-farm income, while 8% received USD 1,000 or more.  
Table 6.29. Mean and distribution of gross cash income by source in Ta Daeng Thmei, 2010-2011 
Source Income bracket (USD/year) Mean income (USD) 
 
0 1- 
499 
500- 
999 
1,000-
1,499 
1,500-
2,500 
>2,500 
Sub-
sample
1
 
Whole 
sample 
% of total 
income 
 (% of households)    
WS rice 10 64 24 2 0 0 341 306 27 
EWS rice 85 15 0 0 0 0 114 19 2 
Non-rice 
crops 3 92 3 2 0 
0 
230 222 20 
Livestock 34 41 17 7 2 0 462 305 27 
Non-farm 59 24 8 3 5 0 489 222 24 
Total 0 24 32 15 19 10 1,635 1,074 100 
1
 Sub-sample of those households earning cash income from specified sources. 
To assess the factors affecting the distribution of income among households, the households 
surveyed (n=59) were divided into three groups based on the size of paddy land holding – small 
(less than 1.0 ha), medium (1.0-2.0 ha) and large (more than 2.0 ha) (Table 6.30). Income from each 
of rice, non-rice crops, and livestock, total farm income, and total household income, all increased 
with increasing farm size. Only non-farm income showed no relationship with farm size. However, 
the relative importance of non-farm income declined from 36% of total income for small farms to 
only 13% for large farms. These data point to the limitation of small farm size, especially below 1 
ha, creating greater dependence on non-farm income to “subsidise” the farm household. Different 
letters in each income source of the three-group paddy land holdings in Table 6.30 indicate a 
significant difference at p=0.10 level.  
Table 6.30. Gross cash income by source and size of landholding in Ta Daeng Thmei, 2011 (USD) 
Land holding 
(ha) 
Rice crops 
Non-rice 
crops 
Livestock 
Non-farm 
income 
Total income 
<1  
(n=17) 
121
a
  
(18%) 
164  
(24%) 
152
a
  
(22%) 
251 
(36%) 
688
a
 
(100%) 
1.00-1.99 
(n=30) 
352
b
 
(30%) 
223  
(19%) 
279
ab
  
(24%) 
309    
(27%) 
1,162
b
 
(100%) 
≥2.0 
(n=12) 
550
c
  
(33%) 
302 
(18%) 
589
b
  
(36%) 
216    
(13%) 
1,657
b
 
(100%) 
 
The survey sample was also divided into three groups based on the available farm family workforce 
– small (1-2 workers), medium (3-4 workers) and large (5 workers and over) (Table 6.31). There 
was a weak positive correlation between size of landholding and the size of the workforce (r = 0.35; 
p = 0.1), and this is reflected in the table in the increase in mean landholding size, from 1.2 ha for 
the small workforce group to 1.7 ha for the large workforce group. Hence some of the influence of 
farm size on income would carry through to the influence of the workforce. However, there were no 
clear patterns for the mean income from rice, non-rice crops, or livestock, hence total farm income. 
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On the other hand, the mean non-farm income increased markedly with increasing size of the family 
workforce, and these differences were significant at the p=0.1 level. This suggests that larger 
households allocated “surplus” workers to non-farm employment once farming activities were 
adequately covered. These extra workers would have been young adults who were keen to pursue 
non-farm occupations. The significant difference at the 10% level of each income source by the 
three groups of farm family workforce is defined by different letters in Table 6.31.  
Table 6.31. Mean cash income by income source and size of household labour-force in Ta Daeng 
Thmei, 2010-2011 (USD) 
No. of family 
workers 
Total area  
(ha) 
Rice 
crops 
Non-rice 
crops 
Live-stock 
Non-farm 
income 
Total cash 
income 
1-2 
(n=27) 
1.19
a
 218
a
 180 242 98
a
 739
a
 
3-4 
(n=19) 
1.58
b
 469
b
 230 393 210
a
 1,301
b
 
≥5 
(n=13) 
1.70
b
 341
ab
 298 308 729
b
 1,676
b
 
 
A multiple regression was run in Excel of total cash income as a function of 6 independent variables, 
including 4 continuous variables and 2 dummy variables (Table 6.32). The equation was significant 
(F=6.6) but the adjusted R
2
 was 0.37, meaning that most of the variation was not explained by the 
estimated equation. Total paddy land and family labour were the only two significant coefficients at 
the p=0.10 level. The results confirm the importance of ownership of paddy land in this irrigated 
system, with extra labour providing additional income-earning options. 
Table 6.32. Regression of total household cash income (USD) on 6 variables for the Ta Daeng 
Thmei survey sample, 2011 
Variable Coefficients 
Standard 
Error 
t statistic p-value 
Intercept -490.8 330.9 -1.483 0.144 
Total paddy land (ha) 696.9 165.8 4.204 0.000 
Upland area (ha) -442.0 780.3 -0.567 0.573 
Family labour (no.) 143.5 79.2 1.812 0.076 
Non-farm wages (yes=1; no=0) 159.8 208.6 0.766 0.447 
Cattle (no.) 37.4 86.3 0.433 0.667 
Water pump (yes=1; no=0) -74.4 230.5 -0.323 0.748 
n = 59; F statistic = 6.6; adjusted R
2
 = 0.37. 
6.8 Conclusion 
The village of Ta Daeng Thmei represents the most favourable environment in terms of irrigation 
resources among the three case-study villages. Apart from its access to a medium-sized irrigation 
reservoir, however, the village was similar to other lowland villages, with a reliance on a traditional 
rice-based cropping system, small scattered holdings of paddy land, poor soil fertility, and the use 
of conventional farming practices. Nevertheless, the development of a gravity-fed irrigation system 
for this and neighbouring villages has permitted farmers to intensify and diversify their cropping 
system, as well as minimize the risk of crop loss as a result of frequent drought in the wet season. In 
addition to the WS rice crop on which lowland agriculture in Cambodia is based, most farm 
households used a portion of their paddy land for DS peanuts and EWS rice. Even so, the land-use 
intensity remained at 1.3, due to the limited market incentive to cultivate larger areas outside the 
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WS and the limited capacity to provide gravity-fed irrigation in the DS to all plots in the village 
landscape.   
Although irrigation minimised the risk of crop loss, it was not able to greatly improve rice yields on 
account of the poor soil fertility, low fertilizer input, and low yield potential of the traditional rice 
varieties. Hence the yield of the WS rice crop averaged about 2.4 t/ha. Nevertheless, this crop 
provided all or most of the subsistence rice requirements of the households, as well as most of the 
cash income, while giving a good return to household resources, especially labour, in comparison 
with the opportunity cost.  
Though the EWS rice crop used modern, high-yielding varieties with good market potential, low 
fertilizer rates limited the average yield to only 2.2 t/ha, and the return to labour, while well above 
the opportunity cost, was lower than in the WS crop. Thus the EWS rice crop was being largely 
viewed as an adjunct or back-up to the WS crop, rather than a major commercial undertaking in its 
own right. There was potential to intensify the production of this crop to meet the growing market 
demand from Vietnam. 
The major impact of irrigation was to enable a DS peanut crop that gave good yields and a high 
return to household resources. The NRL for peanut was four times the opportunity cost of labour 
and double that from WS rice. However, the scale of this activity was limited by market demand 
and irrigation capacity. Improvements in irrigation infrastructure and experimentation with other 
DS crops with longer supply chains may permit further commercialisation and diversification of the 
cropping system.  
Intensification of cropping in the absence of mechanization and with limited capital for mineral 
fertilizers, increased the importance of cattle in their traditional roles of providing intermediate 
outputs (draught power and nutrients) and wealth accumulation (calving). Hence all households 
kept sufficient cattle for these purposes, averaging 4 head. However, the cattle enterprise has not 
greatly benefited from the favourable access to irrigation, despite the additional supply of feed in 
the form of by-products from the EWS rice and DS peanut crops. The adoption of irrigated forages 
could provide the basis for a significant improvement in cattle reproduction and growth, and thus 
permit the commercial sale of cattle at an optimal age and condition for the growing beef supply 
chain.  
Given the still-limited returns from crop and livestock activities, the location of Ta Daeng Thmei 
only 50 km from Phnom Penh, was an advantage in that younger household members, especially in 
larger households, could generate income from non-farm employment, mainly as factory and 
construction workers. The case study showed that many farm households faced a trade-off between 
further development of market-oriented agriculture and the pursuit of a non-farm orientation, with 
rice farming as the subsistence base. Non-farm income could become more important over time but 
the limited number of workers with more than the basic skills needed for factory and construction 
work could limit the number of households benefiting. Improved returns to a more diverse array of 
farming activities could encourage more of the younger unskilled workers to invest their time in 
farming. 
The favourable initial situation of Ta Daeng Thmei with a naturally occurring lake that could be 
converted into a reservoir supplying a low-cost, easily-managed, gravity-fed irrigation system, is 
unlikely to be replicated in much of the rainfed lowlands. However, the case study demonstrates the 
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potential to significantly improve the rice-based lowland farming system with even a moderate 
investment in irrigation, without necessarily moving to full-scale, high-input DS rice cultivation. 
Given that farmers seem more inclined to use water in the DS to diversify their cropping system, the 
scope for more widespread improvement through the development of on-farm irrigation appears 
more attractive. Thus the successful practice of crop intensification and diversification with limited 
land and farm household resources provides a possible pathway for other rainfed lowland villages. 
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CHAPTER 7 
COMPARATIVE ANALYSIS OF THE CASE-STUDY VILLAGES 
 
7.1 Introduction 
This chapter presents the second phase of the case study methodology outlined in Chapter 3 – the 
cross-case or comparative analysis. Comparison of cases required a careful consideration of key 
similarities and differences between the various units of analysis, from individual crop and livestock 
activities to the village as a whole. This was not a controlled experiment, susceptible to statistical 
analysis, as there were many unique features of each case beyond the main factor of interest – 
access to irrigation. Hence there was a need to use judgement in integrating the evidence to provide 
provisional generalisations about actual and potential pathways of change in the lowlands. The 
evidence considered was not only the data from the case studies themselves but the broader context 
of the rainfed lowlands discussed in Chapter 2 and other experimental and research data that could 
help to extend the analysis and draw out its significance for development research and policy.  
7.2 Characteristics of Case-Study Villages  
7.2.1 Village settlement and population 
Table 7.1 highlights the main geographical and demographic characteristics of the case-study 
villages. All three villages are located between 70 and 75 km south and southwest of Phnom Penh 
but Trapeang Run was only 2 km from a national road and around 12 km from the Takeo provincial 
capital, while Snao and Ta Daeng Thmei were between 15 and 20 km from a national road and 
more than 30 km from the Takeo and Kampong Speu provincial capitals, respectively. The location 
of Trapeang Run was thus more favourable in terms of access to district and provincial markets for 
farm business activities and non-farm employment.  
The settlement patterns of Snao and Ta Daeng Thmei were typical of rural Khmer communities, 
with houses clustered close together on areas of higher land which are  dry year-round, such as 
along a road, footpath, cart track, or dam wall. However, in Trapeang Run, the houses are scattered 
throughout the village territory, singly or in small clusters, on or adjacent to paddy fields, giving 
farmers greater capacity to manage their rice crop and non-rice crops and livestock. The villages 
differed considerably in total land area but had similar areas of paddy land (90-120 ha). Snao was 
settled by the largest number of households (277), far greater than the other two villages (160). The 
highest population density was in Trapeang Run (700 persons per sq. km), about double that of the 
other two villages.  However, there was little difference in the available paddy land per capita, with 
Snao having the lowest difference at 0.09 ha. 
People under 25 years of age made up 55% of the population in Snao and 62% in Ta Daeng Thmei, 
consistent with the census figures for Takeo Province (55%) and Kampong Speu Province (58%), 
but constituted only 35% of the population in Trapeang Run. Young people of working age (15-24 
years) constituted only 10% of the total population in Ta Daeng Thmei, compared with 18% and 
24% in the other two villages, implying more permanent outmigration in Ta Daeng Thmei due to 
limited resources.  
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Table 7.1. Major characteristics of the case-study villages 
Characteristics 
Trapeang Run 
(Chapter 4) 
Snao 
(Chapter 5) 
Ta Daeng Thmei 
(Chapter 6) 
City access (km) 75 75 70 
Province access (km) 12 >30 >30 
National road access (km) 2 15 20 
Market access Favourable Less favourable Less favourable 
Settlement pattern Dispersed Clustered Clustered 
Total land (ha) 113 451 200 
Paddy land (ha) 90 120 120 
Irrigation source Small ponds Groundwater and ponds Reservoir 
Cropping pattern 
(WS/DS/EWS) 
Rice/fallow/rice Rice/radish-
cucumber/rice
a 
Rice/peanut-rice/rice 
Topography Central flat plain  
(15 masl) 
Adjacent to floodplain  
(3-15masl) 
Gently sloping land  
(27-36 masl) 
Flooding regime Flash-floods 
with heavy rain 
Partly flooded in wet 
season 
Flash-floods with 
heavy rain 
No. of households 157 277 158 
Pop. density (persons/km
2
) 697 292 372 
% of population under 25 35 55 62 
Paddy land per capita (ha) 0.11 0.09 0.16 
Household size 5.4 4.9 5.0 
Family workforce 4.0 3.7 3.3 
Household head    
- Age (years) 46.4 47.0 41.4 
- Male (%) 89 97 92 
Education (years)    
- Household head 6.0 6.0 5.7 
- Wife 4.7 5.0 4.5 
- Children 9.2 8.0 7.9 
Household head occupation    
- Farm work (%) 86 94 93 
- Non-farm (%) 10 5 7 
Spouse occupation    
- Farm (%) 75 87 100 
- Non-farm (%) 8 3 0 
Daughters’ occupation    
- Farm (%) 19 21 18 
- Non-farm (%) 42 42 38 
Sons’ occupation     
- Farm (%) 31 22 23 
- Non-farm (%) 35 22 23 
a
 Cropping pattern for Snao is for WS paddy land only, excluding the DS paddy land to which some 
villagers had access. 
There were no major differences in the demographic characteristics of farm households in the three 
villages, except that the average age of household heads in Ta Daeng Thmei was 5-6 years lower 
than the in the other two villages, consistent with a younger total village population and a high 
percentage aged under 25. This may have been due to a lower rate of outmigration, especially when 
compared with Trapeang Run. 
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Nearly 95% of household heads in Snao and Ta Daeng Thmei considered farm work as their 
primary economic activity, but this was slightly lower at 86% in Trapeang Run, reflecting the 
village’s proximity to Angta Som and Takeo markets, making non-farm activities (trade, business, 
and wage employment) more favourable. Farm work was regarded as the primary income activity 
for every spouse in Ta Daeng Thmei but in the other two villages 5-10% were primarily engaged in 
local non-farm work.  
Economically-active daughters (those aged 15 years and above who were not still studying) were 
twice as likely to be engaged in non-farm jobs as farming, in all three villages. This was consistent 
with the predominant employment of young female workers in the nearby garment industry. 
Economically-active sons, however, were equally likely to be employed in farming as in non-farm 
activities (typically, construction).  
7.2.2 Land resources 
Trapeang Run occupies a level plain and experiences only very short periods of flash-flooding. 
Snao occupies a level plain adjacent to the Tonle Bassac floodplain, hence some of the lower paddy 
land is subject to wet-season flooding while the upper paddy land is subject to drought. Some 
households in the village also had access to floodplain land that was uncultivable in the wet season 
due to flooding but highly suitable for a dry-season rice crop. Ta Daeng Thmei is located on a 
gently sloping plain downstream of low hills and below a dam providing gravity-fed irrigation. It is 
only subject to flash-flooding when excess water is discharged from the reservoir.  
All three villages had access to three land types – WS paddy land (cultivable in wet and dry 
seasons), upland used for non-rice crops, and residential upland – and (as noted above) some 
households in Snao had access to DS paddy land (only cultivable in the dry season). The WS paddy 
lands in all villages were of the Prateah Lang soil type, the infertile, sandy soils that predominate in 
the lowland ricelands of Cambodia. However, the DS paddy land to which some villagers in Snao 
had access were highly fertile alluvial soils. Almost all survey households in the three villages 
owned WS paddy fields. The mean area of WS paddy land was lowest in Snao (0.62 ha), 
intermediate in Trapeang Run (0.93ha), and highest in Ta Daeng Thmei (1.3 ha).  
All villages showed the spatial dispersion of paddy landholdings arising from the land reform of the 
late 1980s and the subsequent fragmentation of land through equal inheritance among children. 
However, paddy land was more dispersed in Ta Daeng Thmei, averaging 5.7 plots per household, 
than in Trapeang Run (3.3 plots) and Snao (2.5 plots). The more recent settlement, larger mean land 
holding, and access to irrigation, could have influenced the greater degree of land fragmentation in 
Ta Daeng Thmei. Fragmentation had obvious implications for both mechanisation and irrigation.  
Not every survey household in the three villages owned or had access to an upland plot that was 
flood-free and suitable for the cultivation of non-rice crops during the wet season. The lowest 
incidence was in Trapeang Run (27% of households), whereas Snao (76%) and Ta Daeng Thmei 
(64%) had a similar proportion, reflecting the differences in topography described above. The mean 
upland area was also lower in Trapeang Run (0.1 ha) than in the other two villages (0.2 ha).   
Because of the location of Snao on the edge of the Bassac floodplain (essentially part of the 
Mekong Delta), nearly 50% of households surveyed owned on average 0.85 ha of DS paddy land, 
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that is, land that was deeply flooded and uncultivable in the wet season but exceptionally well-
suited for an irrigated or recession rice crop in the dry season.  
7.2.3 Water resources 
Although representing the purely rainfed lowland ecosystem, households in Trapeang Run had 
established small ponds close to the house for their domestic water supply, which were also used to 
a small extent for the irrigation of vegetables in the houseyard, and irrigation of field crops on small 
plots of paddy land adjacent to the house. Pond-water was also used to supplement the water needs 
of rice seedlings when rainfall was inadequate early in the wet season. The minimal use of ponds 
for agriculture was because of their limited storage capacity, such that they could potentially 
become dry early in the dry season. Households in Trapeang Run also accessed groundwater 
through open wells and tubewells, but only for domestic use. Hence in terms of water resources for 
agriculture, it is accurate to characterise Trapeang Run as a purely rainfed village. 
Households in Snao also had access to small ponds, sometimes in the farm. The village had made 
the important change to extracting groundwater through tubewells in the farms for irrigation. Since 
accessing groundwater, farmers have made little use of farm ponds for irrigation. The use of 
groundwater was reflected in the much higher incidence of pump ownership in this village (90%). 
Groundwater was a highly reliable irrigation source, sufficient to fully irrigate two crops of DS 
radish or cucumber, as well as provide supplementary irrigation for the EWS and WS rice crops. 
Despite increasing extraction over the past three decades, the water table has shown no sign of a 
significant drawdown. The measurement of water levels showed no difference between the recharge 
rate in the late WS, with little or no water extraction, and in the DS, with intensive water extraction. 
Despite there being sufficient groundwater for a large irrigated area, only part of the paddy land 
could be irrigated because the land was fragmented and financial constraints restricted households 
from installing tubewells in every plot.  
Ta Daeng Thmei had a community irrigation scheme, drawing water from a large reservoir, which 
also supplied five neighbouring villages. The water level in the reservoir decreased late in the dry 
season due to intensive irrigation and lack of rainfall. Hence the irrigation supply could be 
unreliable for up to two months but gradually recovered from late May because of the large 
catchment area to the north. The slight slope of paddy land from north to south permitted a gravity-
fed irrigation system, but some households occupied paddy lands that could not be reached in this 
way. Hence portable pumps were used in these cases to get water from the scheme canals to 
farmers’ fields, but at a higher cost that limited the options for these less-favourable plots.  
7.2.4 Village characteristics in context 
The characteristics of the three case-study villages need to be seen in the context of the general 
features of the rainfed lowlands in Cambodia, as outlined in Chapter 3. All the villages had high 
population densities, characteristic of the rice-lands of south and south-eastern Cambodia. Hence all 
were probably experiencing the long-term rural-rural (e.g., to north-east and northwest Cambodia) 
and rural-urban (to Phnom Penh) migration that has been a feature of the south-east in recent 
decades. That the population density of Trapeang Run was twice as high as in the other two villages 
probably explains the low proportion of the village population aged under 25 years, implying a 
higher rate of permanent out-migration. The potential for agricultural development in all lowland 
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villages in the south-east needs to be seen against the backdrop of continuing out-migration from 
the region. 
All the case-study villages had reasonable access to Phnom Penh, the largest and fastest-growing 
agricultural market in the country, as well as having close proximity to Vietnam. Hence future 
expansion of agricultural production was unlikely to encounter a market constraint. However, 
Trapeang Run also had particularly good access to district and provincial centres, giving it an 
advantage in terms of supplying fresh produce to these markets, as well as engaging in business 
activities, non-farm employment, and higher education, including high school and university. This 
was reflected in the generally higher grades of school-age children. The greater distance from 
national roads and market centres seen in Snao and Ta Daeng Thmei was more typical of rainfed 
lowland villages. Nevertheless, the widespread improvement in transport infrastructure in the south-
east lowlands in the past decade has created significant new market opportunities, even for these 
relatively remote villages.   
While the dispersed settlement pattern of Trapeang Run was also atypical, it could indicate the 
future pattern for lowland villages as the population grows and farming becomes more intensive and 
diverse. The traditional Khmer pattern of clustered housing in a village centre was already 
beginning to change in the other two villages, as a number of young farm families had settled on 
their inherited paddy land rather than adjacent to the parental household. 
The three villages’ reliance on WS paddy land with infertile, sandy soils, and only small upland 
plots used for houseyards and non-rice crops, was representative of the general situation in the 
rainfed lowlands. The land potential of Trapeang Run was more typical in that paddy lands made up 
most of the village area apart from residential land, whereas the other two villages had greater 
access to uplands for cropping and some in Snao had access to dry-season paddy land beyond the 
village boundary (clearly not a general feature of the rainfed lowland zone).  
Establishing small ponds in houseyards has long been a practice in lowland villages, though they 
are mainly used for domestic purposes, as in Trapeang Run. Likewise, accessing groundwater 
through open wells is a traditional practice, but not generally for irrigation. However, the case of 
Snao, with widespread on-farm irrigation based on groundwater, reflects an emerging trend in parts 
of the southern and south-eastern provinces. As in Trapeang Run and Snao, there is limited 
potential in the lowlands for the kind of irrigation development seen in Ta Daeng Thmei.   
The variation in ownership of WS paddy land is a feature of the lowlands and a critical determinant 
of economic differences between households. However, the generally small landholdings seen in 
the case studies, even the very low mean of 0.6 ha in Snao, is common for the south-east lowlands. 
The fragmentation of paddy land that was seen in all three villages, influenced by the 1980s land 
reform and the pattern of land inheritance, was also a general phenomenon in the rainfed lowlands, 
potentially hindering the adoption of both mechanisation and irrigation.  
The increasing engagement of household members in non-farm employment in all three villages 
was characteristic of the lowlands, despite varying distances from Phnom Penh. In particular, the 
garment industry in Phnom Penh employs around 650,000 young female workers from a wide range 
of rice-growing areas. In each of the study villages, young women were twice as likely to be 
engaged in non-farm work (mainly the garment industry) as in farming. While young women from 
more favourably-located villages could commute to the factories, many others still opted to take up 
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this employment and reside in Phnom Penh, rather than focus on farming. Many young men from 
the lowlands also take up employment in Phnom Penh, mainly in construction, but in the study 
villages they were just as likely to be engaged primarily in farming. In Trapeang Run, with its better 
access to local markets, young men and some older household members were also engaged in local 
trade, business, and wage employment.  
Apart from geographical location and farm resources (land, water, labour, and capital assets), other 
important factors, including tradition, culture, cooperation, dynamism and leadership, have 
significantly influenced agricultural development. The three villages were not different from other 
villages in rainfed lowlands in terms of traditions, culture and religion because more than 90% of 
the total population were of Khmer ethnicity. The farm households in Snao Village were more 
enthusiastic in utilising accessible farm resources, in addition to taking initiatives to establish 
groundwater irrigation. The farmers in Ta Daeng Thmei Village did not take potential opportunities 
to fully benefit from the favourable irrigation reservoir. Trapeang Run villagers on the other hand, 
were strongly depended on rainfall, representing the rainfed lowland situation. The practice of 
exchanging labour in cropping activities in the three villages could reflect the cooperation at the 
farm household level. The well operation of community-level irrigation in Ta Daeng Thmei not 
only reflected the good management of the village head but cooperation of the farm water users. 
The farmers in Snao showed somewhat stronger leadership, compared with the other two villages, 
based on the practices of hired large labour for DS radish weeding activity, rented mechanisation, 
and more advanced farming techniques.  
7.3 Comparative Analysis of WS Rice Production 
WS rice was the traditional mainstay of the farming system, being cultivated by every survey 
household in the three villages as the main or only source of household rice supply, as well as a 
potential source of cash income. Table 7.2 summarises the characteristics of WS rice cultivation 
across the three villages.  
In each village case, the available paddy land was fully cultivated. The mean cultivated area was 
lowest in Snao (0.6 ha), reflecting the low per capita availability of paddy land in this village, but 
even in Ta Daeng Thmei, where the cultivated area was more than twice this figure, there was 
adequate labour to fully utilise the available land, even without mechanisation.  
As elsewhere in the lowlands, traditional rice varieties were preferred in the WS, despite giving low 
yields, because of their good grain quality and adaptability to abiotic stress (Javier, 1997). Lowland 
farmers were still unwilling to adopt modern IR varieties for the WS crop, despite their higher yield 
potential, because of their inferior eating quality. There were up to 15 different traditional varieties 
in a village, but the suite of varieties (at least, as identified by farmers) differed between villages; 
only the Srau Kraham (red grain) variety was reported by every village. A few modern varieties 
were also grown but on no more than 5% of the total cultivated area in a village.  
All activities from land preparation through to storage of the paddy rice, were very similar across 
the three sites. Land preparation was undertaken with a pair of draught cattle (bulls or, more 
commonly, cows) and a traditional plough and harrow, as it has been the practice for centuries. The 
low level of mechanisation reflects the general situation in the lowlands. In Takeo province, the 
ratio of cultivated rice area to 2-wheeled tractors is 23.5 ha per unit and in Kampong Speu, 14.7 ha 
per unit (MAFF, 2013). In the WS, farmers had an extended window for land preparation (June-
  212 
September) and in any case farms were small. Moreover, households mostly owned enough draught 
cattle to manage land preparation and did not want to outlay the money to buy a tractor, or even to 
hire one from the few tractor owners in each village.  
The labour-intensive transplanting method was used in all villages, as has been traditionally 
practised for the cultivation of WS rice in the lowlands. Traditional direct seeding (dry-seed 
broadcasting) has been practised in north-western provinces, such as Battambang and Banteay 
Meanchey, with larger farms, more fertile soils, and distant field locations; a second ploughing after 
6-8 weeks to suppress weeds and initiate tillering is a crucial element in this practice (Nesbitt and 
Chan, 1997; Rickman et al., 1997; MAFF, 2013; NCDD, 2010). However, there does not appear to 
be any trend to direct seeding in the south-east, presumably because the population density is 
higher, farm sizes are smaller, and the household labour supply is not yet limiting.  
Table 7.2. Characteristics of WS rice cultivation in the case-study villages 
Practices Trapeang Run 
(n=79) 
Snao 
(n=62) 
Ta Daeng Thmei 
(n=59) 
Mean cultivated area (ha) 0.9 0.6 1.3 
No. traditional varieties 15 3 9 
No. modern varieties 5 3 1 
Mean varieties/household 2.4 1.2 2.0 
Land preparation Draught animal, 
mouldboard 
plough, harrow 
Draught animal, 
mouldboard 
plough, harrow 
Draught animal, 
mouldboard 
plough, harrow 
Establishment method Transplanting Transplanting Transplanting 
Main water source Rainfed Rainfed Rainfed 
Supplementary irrigation Small ponds Groundwater Reservoir 
Irrigates nursery (%) 39 77 29 
Irrigates main field (%) 16 71 25 
Manures nursery (%) 100 77 93 
Manures main field (%) 85 66 34 
Fertilises nursery (%) 22 79 54 
Fertilises main field (%) 95 82 100 
Weeding (%) 89 71 25 
Weeding method Manual Manual Manual 
Harvesting method Sickle Sickle Sickle 
Threshing method Manual, 
thresher (11%) 
Manual, 
thresher (35%) 
Manual 
Transport of paddy Oxcart, 
shoulder pole 
Oxcart, 
shoulder pole 
Oxcart, 
shoulder pole 
Drying paddy Sun drying Sun drying Sun drying 
Storage of paddy Rice barn, bags Rice barn, bags Rice barn, bags 
 
Supplementary irrigation was used for the seedling nursery and the transplanted crop. The incidence 
was much higher in Snao (over 70%), perhaps because of a drier season and/or the ease of irrigating 
from tubewells. There was a low incidence of manual weeding in Ta Daeng Thmei (25%), 
reflecting a greater ability to maintain an adequate level of standing water in the paddy field. The 
incidence of weeding in the other two villages (70-90%) was high compared to other rainfed 
lowland areas (Rickman et al., 1997). Both farmyard manure and mineral fertiliser were widely 
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applied in all villages. In Snao, there were also probably carryover effects from the heavy 
application of nutrients to the DS crops grown on the same land. 
The harvest and post-harvest activities largely followed conventional practice across the rainfed 
lowlands, relying on manual techniques using family, exchange, and, in some cases, hired labour. In 
the 1990s there was not a single mechanical harvester or thresher used in paddy fields in Cambodia 
(Rickman et al., 1997). Though the numbers of reapers, threshers, and combine harvesters have 
grown dramatically since then, especially for commercial DS rice,
9
 every case-study village 
harvested the WS crop with sickles. In Ta Daeng Thmei all farmers also threshed manually, but in 
the other two villages a minority hired mechanical threshers. The harvest was brought back to the 
homestead by a cattle-drawn cart or carried on shoulder poles, with a few using two-wheeled 
tractors. The paddy was commonly dried on palm-leaf mats for 2-3 days after threshing and stored 
in sacks (if intended for sale) or in the household’s rice barn.  
Though cultural practices were common, there were differences in the level of material and labour 
inputs, as summarised in Table 7.3. All villages used cattle manure, with  the mean application rate 
being about 6 t/ha in Trapeang Run and Snao, but  only 2 t/ha in Ta Daeng Thmei. The lower rate in 
Daeng Thmei probably reflected the larger cultivated area and the high application of manure for 
DS peanut cultivation (7 t/ha). Farmers in Snao used the highest rates of seed and mineral fertilizer, 
whereas these rates were not very different between the other two villages. This probably reflected 
the smaller cultivated area in Snao, hence both the ability and the need to intensify the use of inputs, 
as well as a higher cash flow (see below). Snao also had a higher average use of fuel for 
supplementary irrigation. With home consumption as the main objective of WS rice production, 
farmers appeared to utilize all available household resources to the full, but to minimise the cash 
outlay (e.g., in comparison with EWS and DS rice and other cash crops) because they anticipated 
little or no cash return from this crop (though the subsistence value of the crop, hence the saving in 
expenditure, was around USD 350 per year).  
Table 7.3. Average material and labour inputs for WS rice cultivation in the case-study villages 
Input Unit 
Trapeang Run 
(n=79) 
Snao 
(n=62) 
Ta Daeng Thmei 
(n=59) 
Seed  kg/ha 81 101 71 
Fertilizer  kg/ha 124 166 125 
Fuel  l/ha 13 59 29 
Cattle manure  t/ha 6.2 6.0 2.3 
Labour days/ha 132 97 83 
 
Although material inputs were used more intensively in Snao, it was Trapeang Run that had the 
highest labour use (132 days/ha), 35-60% more than the other villages. However, Ly et al. (2012) 
also found labour inputs for WS rice cultivation in Takeo and Kampong Thom provinces ranging 
from 78 to 127 days/ha; all farmers in that study used transplanting for their WS rice crops, but land 
preparation performed by two-wheeled tractors was found to save up to 6 days/ha. The additional 
labour input in Trapeang Run was spread over the activities of land preparation, pulling, 
transplanting, weeding, harvesting, threshing, and transport. The limited supply of irrigation water 
may have added to the time needed for ploughing and transplanting, because of drier, harder soil, 
                                                 
9
 The ratio of rice area to the number of combine harvesters and reapers in Cambodia was reported to be 624 ha per unit 
(MAFF, 2013).  
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and may have also added to the weed burden. It is also possible that the higher labour input 
reflected a somewhat older farm workforce with lower daily productivity, given the demographic 
characteristics described in Section 7.2.1.  
The unit costs and returns for WS rice production are summarised in Table 7.4. Snao, with the 
smallest cultivated area and the highest seeding and fertiliser rates, produced the highest mean yield 
(2.8 t/ha), around 20-30% higher than the other two villages; this difference was significant at the 
p=0.10 level. Snao also had the highest output per capita, while Trapeang Run had the lowest at 390 
kg, though this output was above the assumed per-capita consumption requirement of 250kg. 
Trapeang Run also had the highest incidence of post-WS rice-deficit households (41%), despite 
cultivating a 50% larger area than Snao, reflecting the fact that the low yield achieved affected the 
household rice supply. Moreover, households in Trapeang Run did not have the same degree of 
back-up from EWS rice as in the other two villages. On the other hand, the potential of the 
traditional WS rice crop as a source of cash income was shown in the case of Ta Daeng Thmei, with 
its larger area more than compensating for a lower yield. Hence 90% of Ta Daeng Thmei 
households sold WS paddy rice, with a mean of 1.1 tonnes being sold, more than a third of mean 
production.  
Table 7.4. Average unit costs and returns for WS rice production in the case-study villages 
Item Unit 
Trapeang 
Run 
(n=79) 
Snao 
(n=62) 
Ta Daeng 
Thmei 
(n=59) 
Yield kg/ha 2,195 2,805 2,352 
Net output kg/ha 2,114 2,704 2,281 
Net output per capita kg 392 552 456 
Rice-deficit households % 41 18 15 
Households selling paddy % 47 24 90 
Mean quantity sold kg 313 200 1,100 
Farm gate price USD/kg 0.28 0.28 0.28 
Gross income USD/ha 592 757 639 
Input expenses USD/ha 90 176 70 
NRHR USD/ha 502 581 569 
Total labour labour-days/ha 132 97 83 
NRL USD/day 4.0 6.8 7.7 
 
Applying a farm-gate price of USD 0.28/kg across the three villages, the differences in gross 
income reflected the differences in yield (because of only minor differences in seed rate). However, 
as noted above, input expenses (especially fertiliser) were highest in Snao (USD 176/ha), 
significantly higher than the other two villages (at the p=0.01 level). This reduced the advantage of 
Snao in terms of the mean NRHR (USD 581/ha), although this was still the highest return of the 
three cases. The lower yield and gross income, and higher labour input of Trapeang Run, gave it a 
significantly lower NRL (USD 4/day), well below the return of USD 7-8/day in the other two 
villages and not significantly above the opportunity cost of labour (USD 3/day).  
Though traditional farming practices predominated in all three villages, certain key factors gave 
farmers in Snao and Ta Daeng Thmei an edge over farmers in Trapeang Run, who more closely 
represented the majority of WS rice farmers in the rainfed lowlands: 
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 Access to adequate supplementary irrigation in Snao and Ta Daeng Thmei was 
important to save the crop from drought periods during the WS, whereas the small ponds in 
Trapeang Run were only sufficient to protect the crop at the nursery stage. 
 Snao farmers used only three traditional varieties, suggesting that they had selected a 
small number of higher-performing varieties and avoided using low-yielding varieties. As 
Javier (1997) has observed, many traditional rice varieties with low seed purity produce very 
low yields. Trapeang Run farmers used 15 traditional varieties, most of them yielding less 
than 2 t/ha.  
 Higher rates of input use, including seed, fertilizer, and fuel (for irrigation), along 
with better varieties, helped give Snao farmers a significantly higher yield than the other two 
villages. Poor soil fertility is one of the commonly-cited constraints in WS rice cultivation.   
 The small land holdings in Snao pushed farmers to intensify and diversify their 
cropping system, with farmyard manure, fertilizers, and on-farm irrigation being used to 
support up to four crops per year, thus improving the soil fertility in the WS rice fields. In 
contrast, in Trapeang Run, with only a single rice crop, the paddy land was baked hard by 
the strong sun for half the year, degrading soil properties.  
 It may have also been a factor that an older farm workforce and involvement in local 
non-farm activities in Trapeang Run, helped to drag out the duration of transplanting, 
fertilizer application, weeding, and harvest activities, reducing the timeliness of these 
operations and this decreasing yield.  
The integration of traditional and improved practices for WS rice cultivation in Snao could indicate 
a possible future pathway for resource-poor lowland households, such as those in Trapeang Run. 
Even with small paddy holdings, Snao farmers were mostly self-sufficient in rice and could earn 
some cash income from the WS crop. With somewhat larger holdings, though still only 1.3 ha on 
average, farmers in Ta Daeng Thmei could produce substantial surplus paddy for generating a cash 
income.  
The cultivation of WS rice has been and will remain the basis of subsistence and an important 
source of cash income, for farm households in the rainfed lowlands. The WS rice crop also makes a 
significant contribution to the country’s economy, accounting for 77% of the total national rice 
output of 9.3 million tonnes harvested in 2012-2013 (MAFF, 2013). The case studies show that 
there is potential to improve the productivity of WS rice within the context of a more intensive and 
diversified farming system with access to irrigation. 
7.4 Comparative Analysis of EWS Rice Production 
Between 55 and 65% of households interviewed in the three villages planted an EWS rice crop, 
even though the WS rice crop was generally sufficient for their domestic needs (Table 7.5). The 
EWS crop provided an additional source of cash income for those households that were already 
self-sufficient in rice, and a supplement to the domestic supply for rice-deficit households. Even 
without irrigation, the incidence of EWS rice cultivation was highest in Trapeang Run, but the small 
cultivated area (0.15 ha) was clearly restricted by the lack of irrigation. For the two villages with 
irrigation, the EWS rice area appeared to be in inverse relationship to the WS rice area. Snao, with a 
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smaller WS rice area (0.61 ha) had a larger EWS rice area (0.37 ha), while Ta Daeng Thmei, which 
had double the WS area (1.3 ha), had a smaller EWS area (0.21 ha).  
Table 7.5. Characteristics of EWS rice cultivation in the case-study villages 
Practices Trapeang Run 
(n=79) 
Snao 
(n=62) 
Ta Daeng Thmei 
(n=59) 
Households cultivating (%) 62 65 56 
Mean area (ha) 0.15 0.37 0.21 
Rice variety Modern (IR) Modern (IR) Modern (IR) 
Land preparation Draught animal Draught animal Draught animal 
Crop establishment Transplanting Direct seeding Transplanting 
Source of irrigation  Rainfed, ponds Rainfed, groundwater Rainfed, reservoir 
Weed control Manual Manual, herbicides Manual 
Harvesting Manual Mechanised, manual Manual 
Threshing Manual Mechanised, manual Manual 
Transport of harvest Oxcart,  
shoulder pole 
Oxcart,  
trailer 
Oxcart,  
shoulder pole 
Drying Sun Sun Sun 
Storage Bags Bags Bags 
 
Three photoperiod-insensitive rice varieties were reported in Trapeang Run – the Cambodian-
released varieties of IR66 and Senpidao, and the variety introduced by Vietnamese traders, IR504. 
However, most of the production in this village was for household consumption. In Snao and Ta 
Daeng Thmei, IR504 was the most widely cultivated, with a smaller number of farmers planting 
IR66 in Snao, and Senpidao in Ta Daeng Thmei. The cultivation of IR504 indicates that the harvest 
was all sold to the Vietnamese rice traders (as discussed in Chapter 5).  
The EWS crop relied heavily on early rainfall in Trapeang Run, despite the availability of small 
household ponds, but the crop was secured by on-farm irrigation in Snao and reservoir water in Ta 
Daeng Thmei. Certain cultural practices in Snao were noticeably different from the other two 
villages. Direct seeding, the application of herbicides, and the use of machinery for harvesting and 
threshing were carried out only in this village. The paddy grain was stored in plastic bags rather 
than in barns where the WS crop was mostly stored, which usually indicated an intention to sell the 
EWS produce. Following the operation of the combine harvesters or reapers in Snao, the paddy rice 
was commonly sold directly to the rice traders without being transported home.   
Table 7.6 compares the material and labour inputs for EWS rice cultivation. Snao stands out as 
using higher rates of all material inputs (seed, manure, fertilizer, fuel, and herbicides). Because 
farmers in Snao used direct seeding, they used more than three times the seeding rate of the other 
two villages (380 kg/ha). The practice of direct seeding with a high seed rate, as practised in Snao, 
can increase crop yield through a high density of plants and hence panicles per unit area, compared 
with the minimal tillering of short-duration varieties using the transplanting method. Previous 
studies have shown that direct-seeded crops produced only slightly lower yields than transplanted 
crops in India, Northeast Thailand, and the Philippines (Pandey and Velasco, 2002; Fukai, 2002) 
while other research in Thailand found that direct seeding gave higher yields (Isvilanonda, 2002). 
The seed rate in the Thai study was between 130 and 140 kg/ha, whereas Snao farmers averaged 
nearly 380 kg/ha. However, many farmers in the Mekong Delta in Vietnam broadcast at up to 300 
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kg/ha to ensure crop establishment and minimise weed infestation, though resulting in  a wide range 
of yields (3.6-6.2 t/ha), depending on the season (Nguyen and Vo-Tong, 2002).   
Table 7.6. Material and labour inputs for EWS rice cultivation in the case-study villages 
 Trapeang Run 
(n=49) 
Snao 
(n=40) 
Ta Daeng Thmei 
(n=33) 
Area (ha) 0.15 0.37 0.21 
Seed (kg/ha) 114 377 106 
Fertilizer (kg/ha) 151 265 151 
Fuel (l/ha) 34 171 0 
Herbicides (USD/ha) 0 103 0 
Cattle manure (t/ha) 6.9 8.7 3.4 
Labour-days/ha 153 32 105 
 
Snao farmers also used nearly twice the rate of mineral fertilizers and applied much more cattle 
manure than in the other two villages. Every farmer cultivating EWS rice in Snao required fuel for 
pump-irrigation, averaging five times the mean fuel input in Trapeang Run, where only 43% of 
EWS rice growers used fuel. Farmers in Ta Daeng Thmei did not require fuel because they had 
access to gravity-fed irrigation; if not, they did not cultivate those plots in the EWS to avoid 
pumping costs. Snao farmers also incurred USD 100/ha for spraying herbicides and pesticides to 
control weeds and/or insects but the other two villages reported no cash outlays on agrochemicals.  
The use of direct seeding, chemical weed control, and mechanised harvesting and post-harvest 
operations in Snao meant that the total labour requirement was very low (32 labour-days/ha), almost 
one fifth that of Trapeang Run and one third that of Ta Daeng Thmei. Trapeang Run had the highest 
labour input across all the activities – seedbed, pulling, transplanting, weeding, and harvesting – 
45% more than in Ta Daeng Thmei. As discussed in relation to the WS rice crop, one reason for this 
difference could be the lack of irrigation in Trapeang Run, which meant there was a firm soil 
surface, increasing the labour-days needed for seedbed management, pulling seedlings, and 
transplanting. This also provided favourable conditions for weed infestation, increasing the labour 
input required for weeding. In addition, the engagement of younger family members in daily non-
farm activities, and reliance on older family members for farm work, could have increased the 
number of work-days for a given task.  
Both Trapeang Run and Ta Daeng Thmei used slightly more labour per hectare on the EWS crop 
than for their respective WS crops. The EWS rice crop required 4-5 more labour-days than WS rice 
for irrigating in the two villages. The firm soil surface in the EWS also doubled the labour-days 
required to pull young seedlings in Trapeang Run (21 labour-days, compared with 10 labour-days 
for WS rice). Ta Daeng Thmei also needed an extra 3 labour-days for pulling seedlings. However, 
the small cultivated area made these per-hectare differences less significant.   
An economic analysis of EWS rice production in the three villages is presented in Table 7.7. 
Though the yields for Trapeang Run and Snao relate to the 2011 harvest, and for Ta Daeng Thmei 
to the 2010 harvest, the provincial yields varied little between these years (MAFF, 2011-2013), 
consistent with the close to average rainfall in both  years (Chapter 4). Snao had a significantly 
higher yield (4 t/ha) than the other two villages, despite cultivating the same IR rice varieties 
(mainly IR504), presumably reflecting the high seed rate and higher rates of nutrient application. 
Also, the intensive utilisation of the paddy fields throughout the year in Snao meant there was a 
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likely carryover effect of mineral and organic nutrients applied in each season. Poor inherent soil 
properties have also been improved, with manure and crop biomass frequently being incorporated in 
the course of successive cultivations, and the soil is protected by almost continuous crop cover. The 
EWS yield in Snao was also significantly higher than the WS yield in the same village – a result of 
the higher yield potential of the modern varieties.  
The consistent farm gate price of paddy across the three villages meant that the differences in gross 
income per hectare followed the same pattern as the yields. The higher expenses in Snao (USD 
500/ha) reduced the NRHR to USD 340/ha, significantly lower than the other two villages. 
However, the use of labour-saving innovations (direct seeding, herbicides, and mechanized 
harvesting) significantly reduced the labour input, enabling farmers in Snao to achieve the highest 
NRL (USD 12/day), about three times the NRL in the other two villages. This return was also 
double the NRL for the WS crop in Snao.  
Table 7.7. Average unit costs and returns for EWS rice production in the case-study villages 
Item Unit 
Trapeang Run 
(n=49) 
Snao 
(n=40) 
Ta Daeng Thmei 
(n=33) 
Yield kg/ha 2,612 4,043 2,205 
Net output kg/ha 2,507 3,666 2,102 
Farm gate price USD/kg 0.24 0.23 0.24 
Gross income USD/ha 602 843 505 
Input expenses USD/ha 125 501 79 
NRHR USD/ha 490 342 425 
Total labour labour-days/ha 153 32 105 
NRL USD/day 3.50 11.70 4.50 
 
EWS rice production had been adopted in 16 of 24 provinces in Cambodia by 2012, accounting for 
8% of the total harvested rice area, and the equivalent of 50% of the area used for DS rice (MAFF, 
2013). The EWS rice area (242,113 ha) had more than doubled over the previous three years. Takeo 
had the second largest area of EWS rice (47,764 ha) but Kampong Speu had only 1,770 ha. It is 
likely that area and output of EWS rice will continue to expand, both to supplement subsistence 
production and generate cash income. The case-study villages illustrate this trend. The main 
purpose of EWS rice cultivation in Snao and Ta Daeng Thmei was to generate cash income and, in 
Trapeang Run, to supplement domestic rice supply.  
In particular, though most farmers in each village cultivated EWS rice, Snao farmers cultivated the 
largest area and the highest proportion (about two thirds) of their paddy holdings to EWS. The 
motivation was the small area available for WS rice production and the availability of on-farm 
irrigation. EWS cultivation in Trapeang Run was restricted by the lack of irrigation and only some 
plots in Ta Daeng Thmei were favourable for gravity-fed irrigation, Moreover, with a large surplus 
of WS rice, there was less incentive for farmers in Ta Daeng Thmei to spend money on fuel to 
increase the EWS rice area.  
A number of specific approaches had been adopted in Snao to boost the EWS rice yield and net 
returns to family labour. The key cultural practices comprised mechanised land preparation, 
harvesting, and post-harvest operations, direct seeding, and applying herbicides, significantly 
reducing the total labour input. The crop also received high levels of material inputs including seed, 
manure, mineral fertilizers and fuel, to improve the crop yield. The yield was certainly improved by 
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the reliable supply of on-farm irrigation. These practices suggest a way forward for less productive 
rainfed villages such as Trapeang Run. 
7.5 Comparative Analysis of Non-rice Crops  
Apart from cultivating rice in the WS and EWS, non-rice crops were also cultivated in the DS 
within all three villages, mainly to produce cash income but also for household consumption. Table 
7.8 summarises the major crops and farming practices in each village.
10
 The various non-rice crops 
in Trapeang Run comprised water melons, cucumbers, pumpkins, mungbeans, and convolvulus. In 
Snao, radish was the dominant crop, with some cucumber cultivation, and in Ta Daeng Thmei 
peanuts were the major DS crop. The radish crop, as root crops, was cultivated on raised beds, but 
most other crops were planted on flatbeds, with peanut cultivation taking place in slightly raised 
beds.  Because radish cultivation involved intensive cropping, a power tiller was necessary to 
prepare the land but draught animal power with a conventional mouldboard plough was used to 
raise the beds. Trapeang Run depended on small household ponds to irrigate the DS crops but, as 
already noted, Snao had access to a reliable groundwater supply and Ta Daeng Thmei to surface 
irrigation.  
Table 7.8. Characteristics of DS non-rice crop cultivation in the case-study villages 
Practices Trapeang Run Snao Ta Daeng Thmei 
Crops Various non-rice 
crops 
Radish 
Cucumbers 
Peanuts 
Land preparation Draught animal Two-wheel tractor/ 
draught animal 
Draught animal 
Cultivation method Flatbed Raised bed Raised low bed 
Irrigation source Pond Groundwater/pond Reservoir 
Water requirement Daily/occasional Daily 3-4 times per season 
Pest control Chemicals Chemicals n.a. 
Weed control Manual Manual Manual 
Harvesting Manual Manual Manual 
Threshing n.a. n.a. Manual 
Transport Bicycle/oxcart Transported by buyer Bicycle/shoulder pole 
Drying n.a. n.a. Sun 
Storage Sold immediately 
after harvest 
Sold to buyer before 
harvest 
Bags 
 
Radish cultivation required considerably more material inputs and labour-days than the crops in the 
other two villages (Table 7.9). The use of mineral fertilizers, cattle manure, fuel and pesticides, was 
much greater for radish cultivation than for peanuts or the other non-rice crops. The cucumber crop 
appeared to require little cattle manure because the application was made precisely in the planting 
holes rather than being spread across the entire planted area. The crops requiring daily watering 
were radish, cucumber, and convolvulus, with Snao farmers pumping groundwater for radish and 
cucumber for 1-2 hours/day and Trapeang Run farmers mostly fetching water from ponds to the 
cropped plots by watering can. Gravity-fed irrigation was applied 3 to 4 times for the peanut crop in 
Ta Daeng Thmei. Water melon, pumpkin and mungbean cultivated in Trapeang Run were watered 
only at planting time, with possibly 1 or 2 more supplementary waterings. The labour input for 
                                                 
10
 As described in Chapter 5, some farmers in Snao had access to floodplain land suited to DS rice cultivation, but 
flooded and uncultivable in the WS. This option is not available to farmers in the lowland agroecosystem, which is the 
focus of the comparison in this chapter. 
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planting radish and cucumber was comparable to the input for other non-rice crops in Trapeang Run 
(over 200 labour-days/ha), but more than twice that for peanut cultivation.  
Table 7.9. Material and labour inputs per ha for DS crop cultivation in the case-study villages 
 Trapeang Run Snao Ta Daeng 
Thmei 
Households (%) 44 82 80 
Crop cycles 1 2 1 
Area (ha) 0.13 0.36 0.19 
Seed (kg/ha) Na 6 200 
Fertilizer (kg/ha) 35 385 100 
Fuel (l/ha) 15 367 na 
Pesticides USD/ha 31 275 0 
Cattle manure (t/ha) 3 12 7 
Labour-days/ha 215 241 95 
 
Table 7.10 presents the economic analysis of dry-season, non-rice crop cultivation in the three 
villages. The radish cultivation in Snao produced the largest gross income (USD 2,760/ha), six 
times that of the various crops in Trapeang Run and three times that of the peanut crop in Ta Daeng 
Thmei. Cucumber, cultivated by some non-radish farmers in Snao provided around half the gross 
income of radish. However, radish production had much higher input expenses. As well, planting, 
watering, and weeding for the radish crops all required a high labour input with a high 
concentration, necessitating the use of hired or exchange labour. The lower labour concentration for 
cucumber, peanut, and other crops meant they could be managed by the farm family; for example, 
the harvest of cucumber was carried out daily by one or two family workers over a period of about 
20 days.  
Table 7.10. Average unit costs and returns for DS non-rice crop production in the case-study 
villages 
 
Unit 
Trapeang Run 
(Various) 
Snao 
(Radish) 
Ta Daeng Thmei 
(Peanut) 
Yield kg/ha a b 1,214 
Seed kg/ha a 6 204 
Output kg/ha a b 1,010 
Farm-gate price USD/kg a b 1.0 
Gross income USD/ha 454 2,760 1,010 
Input expenses USD/ha 92 1,018 57 
NRHR USD/ha 362 1,742 953 
Total labour labour-days/ha 215 241 95 
NRL USD/day 1.70 7.30 11.00 
a. There were many crops grown on a small scale and intermixed on the same plot, hence it was not 
possible to determine yield, seed, output, and price. 
b. The radish crop was bought before harvest by the trader who harvested the crop, hence only gross 
income is known, not the physical yield and output. 
Despite the high expenses, radish cultivation still provided the highest NRHR (USD 1,740/ha), five 
times that of Trapeang Run crops and double the returns of peanut and cucumber cultivation. 
However, the high labour input reduced the NRL to about USD 7/day for radish, compared with 
USD 11/day for peanuts. Cucumbers (UDS 4/day) and the non-rice crops cultivated in Trapeang 
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Run (USD 2/day) gave significantly lower returns to labour, in the latter case less than the 
presumed opportunity cost of labour (USD 3/day). Most of the households in Trapeang Run 
produced very small outputs for their own consumption; only a quarter of the DS-crop growers 
were able to generate some cash income from their crops.  
The potential for DS non-rice crops in relation to water availability was also investigated in a series 
of experiments in the dry seasons of 2009 and 2010 (Seng et al., forthcoming). The experiment 
assessed the water requirements of mungbean and peanut crops cultivated in lowland paddy fields 
after WS rice. The crops were tested on paddy fields with typical sandy soils of low fertility at two 
sites – the Cambodian Agricultural Research and Development Institute (CARDI) located 20 km 
southwest of Phnom Penh, and on a farmer’s field in Takeo Province, around 80 km south of 
Phnom Penh. The same research protocol was used for the two locations, but the trials at CARDI 
were carried out by researchers and those on the farmer’s field were implemented by the farmer 
under the management of researchers through scheduled field visits. For mungbean, irrigation was 
carried out both manually and by pumping, while for peanut only pumping was used. 
Economic analysis of the experimental data was undertaken for this thesis. The results of the 
analysis are presented in Table 7.11. For manual irrigation, the main input was labour, measured as 
days/ha. In the experiments, labourers were paid a daily wage to water the crops with a 12 L 
watering can. One labourer carried up to 96 buckets per 5-h day (1,152 L or 0.11 mm). Translated 
to farm conditions, a 24 L watering can (a shoulder pole with 2 watering can) was assumed and a 7-
h day, the equivalent of 192 buckets (4,608 L or 0.46 mm) per day. For the pumping method, the 
cash cost was the outlay for fuel at USD 1.0/L and labour was also required to manage the irrigation. 
The economic analysis was based on two irrigation levels (1.6 and 2.4 ML/ha) and (in the case of 
mungbean) two irrigation methods (manual and pumping). 
Table 7.11. Unit costs and returns for experimental mungbean and peanut cultivation, 2009-2010 
   Unit Mungbean Peanut 
Irrigation method Manual Pumping Pumping 
Year  2009 2009 2010 2009 2010 
Water level ML/ha 1.3 1.6 2.4 1.6 2.4 
Yield kg/ha 665 402 579 350 470 
Seed rate kg/ha 20 20 20 53 53 
Farm-gate price USD/kg 1.5 1.5 1.5 1.5 1.5 
Gross income USD/ha 998 609 869 525 705 
Fertilizer rate kg/ha 180 180 180 180 180 
Fertilizer cost USD/ha 114 114 114 114 114 
Manure t/ha 10 10 10 10 10 
Labour input labour-days/ha 426 150 166 135 145 
Cash expenses USD/ha 144 203 232 252 285 
Net cash returns USD/ha 854 405 637 273 421 
NRL USD/day 2.0 2.7 3.8 2.0 2.9 
Source: Author’s calculations based on experimental data.  
Irrigating mungbean manually gave greater irrigation efficiency, in that the mungbean yield was the 
highest and the water level the lowest of the three mungbean treatments. This translated into a high 
gross income (USD 1,000/ha) and a high net cash return (USD 850/ha), greater than any of the 
other treatments and comparable with the returns to peanut cultivation in Ta Daeng Thmei. 
However, the labour-intensive nature of manual irrigation contributed to a total labour requirement 
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of over 400 days/ha – two to three times the labour input of the other treatments. Hence the net 
return to labour was only USD 2/day, the lowest of the treatments and well below the labour returns 
for radish and peanut cultivation in Snao and Ta Daeng Thmei. 
Using pump irrigation for mungbean, the high irrigation level was the more profitable, giving a 
yield of 580 kg/ha, a net return of USD 640/ha, and a return to labour of just under USD 4/day. This 
was the highest NRL of the experimental treatments, and higher than the returns achieved in 
Trapeang Run, but well below the returns in Snao and Ta Daeng Thmei. 
For the peanut trial, the frequent irrigation increased the total labour-days and consequently lowered 
the NRL. But the peanut yield from the field trial was significantly lower than the Ta Daeng Thmei 
peanut yield (though the experimental yield refers to dried grain whereas as the Ta Daeng Thmei 
yield is fresh grain). The high seed rate used by Ta Daeng Thmei peanut growers (200 kg/ha), four 
times that of the experimental peanuts, was one of main reasons for the yield difference. This 
reflected the field design, with a quarter of the experimental area ploughed into furrows, whereas 
the peanut beds in Ta Daeng Thmei were widely spaced and wasted very little land (Figures 7.1 and 
7.2).  
Though there was no soil analysis, the soil conditions in Ta Daeng Thmei appeared more suitable 
than in the field experiment because of frequent irrigated cropping, the carryover effect of fertilizer 
and cattle manure applications for three crops per year, and frequent incorporation of plant biomass 
for around three decades. In contrast, the site of the field experiment had been used only for an 
annual WS rice crop before being included in the mungbean-peanut experiment. 
 
Figure 7.1. Manual weeding of peanut field experiment on farmer’s paddy land                                  
in Takeo Province, 2010 
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Figure 7.2. DS peanut cropping system in Ta Daeng Thmei, February 2012 
It is interesting to compare the experimental treatments for peanut with the farmers’ practice in Ta 
Daeng Thmei. With lower rates of fertilizer and manure but a higher seed rate and access to gravity-
fed irrigation, the Ta Daeng Thmei farmers achieved about 1 t/ha of fresh nuts, compared to only 
half that figure for the high irrigation treatment in the experiment. Accordingly, the Ta Daeng 
Thmei farmers achieved a net return of USD 950/ha and a NRL of USD 11/day, compared with 
only USD 420/ha and USD 3/day in the experiment.  
A decade ago Pingali (2004: 43) made the assessment that “dry-season cropping activities in the 
rainfed [rice-growing] areas [of South and Southeast Asia] are limited because of technical 
problems related to timely and effective crop establishment, limited moisture (or excessive moisture 
in some cases), and generally modest or high yield instability”. However, the three case-study 
villages (and to some degree the field experiments) show that WS paddy land has potential for the 
cultivation of non-rice crops in the DS, to improve household cash income and supply domestic 
consumption. The crops were able to be grown under a range of irrigation conditions, from small 
ponds to a large-scale reservoir. The crops cultivated also had different water requirements, ranging 
from daily watering to 2-3 irrigations per crop. However, the key to obtaining viable returns was a 
reliable irrigation source as in Snao and Ta Daeng Thmei. The limited water supply in Trapeang 
Run provided negligible returns with an associated high risk of wasting production inputs. The 
improvement of on-farm irrigation is necessary for Trapeang Run and rainfed lowland villages in 
general, to produce a significant household cash income from the cultivation of non-rice crops in 
the DS.
11
  
Given an adequate supply of water, villages such as Trapeang Run could be expected to replicate 
the success of radish growers in Snao and peanut growers in Ta Daeng Thmei. To viably adopt the 
                                                 
11
 This need not necessarily be groundwater. An integrated farming project in central Thailand used 30% of the total 
farm area for pond excavation and generated an annual profit four times that of a single rice crop, thereby more than 
compensating for the loss of land (Setboonsarng and Gilman, 2009). 
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Snao radish cropping system, farm households would also need to have suitable soils, an available 
market, sufficient working capital, and an adequate supply of family labour to undertake the 
intensive operations required. The lower requirements for water, cash outlays, and labour for the 
peanut system in Ta Daeng Thmei, make this a more feasible DS cropping option for resource-poor 
farmers (and those with other non-farm employment options) in villages such as Trapeang Run.  
7.6 Comparative Analysis of Cropping Systems in the Three Villages 
Representative farm budgets were constructed to reflect the whole-year cropping system of typical 
households in the three villages, as presented in Chapters 4, 5, and 6. Table 7.12 presents a 
summary of the inputs, outputs, and net returns of the three cropping systems.  
Table 7.12. Annual inputs, outputs, and net cash flow of representative cropping systems in the 
case-study villages 
  Unit Trapeang Run Snao Ta Daeng Thmei 
Annual cultivated area ha 1.21 1.34 1.70 
- WS rice ha 0.93 0.61 1.30 
- DS non-rice crops ha 0.13 0.36 0.19 
- EWS rice ha 0.15 0.37 0.21 
Cropping intensity ha 1.3 2.2 1.3 
Paddy output kg 2,423 3,230 3,512 
Paddy surplus
a
 kg 1,081 1,777 2,342 
Total gross income USD 726 1,847 1,199 
- Paddy USD 667 829 965 
- Non-rice crops USD 59 1,018 234 
Total cash income USD 351 1,423 779 
- Paddy USD 292 429 584 
- Non-rice crops USD 59 1,018 195 
Total labour input days 173 165 148 
- WS rice % 71 39 73 
- DS Non-rice crops % 16 52 12 
- EWS rice % 13 9 15 
Labour intensity days/ha 186 270 114 
Farmyard manure kg 7,129 11,279 5,033 
Total cash costs USD 124 722 118 
- Fertilizer USD 88 272 118 
- Fuel USD 28 231 - 
- Pesticide USD 4 153 - 
- Seed USD 4 26 - 
- Machinery USD - 40 - 
Net cash flow USD 228 701 660 
a 
Surplus computed based on consumption of 1,250 kg of paddy per household (assuming 5 
household members). 
Trapeang Run, with only small ponds to provide supplementary irrigation, was restricted to an 
annual cultivated area of 1.2 ha per household, not much more than the farm size of 0.9 ha. Snao, 
despite a small farm size of 0.6 ha, could draw on groundwater to achieve an annual cultivated area 
of 1.4 ha from the same land (DS rice-land was excluded from the representative budget). Ta Daeng 
Thmei, being fully irrigated, could crop a total of 1.7 ha for a farm size of 1.3 ha. 
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Given the higher cropping intensity of the representative farms in Snao and Ta Daeng Thmei, these 
farms achieved higher paddy output (3.2 tonnes and 3.5 tonnes, respectively) and greater paddy 
surpluses (1.8 and 2.3 tonnes, respectively) than the Trapeang Run representative farm, which was 
much more dependent on the WS rice crop. The higher output from Snao also reflected higher 
yields in both the WS and the EWS, probably due to the higher year-round input of organic and 
inorganic nutrients (discussed Section 7.4). Each of the three budgets indicates household self-
sufficiency in paddy, though the lower surplus in the Trapeang Run case (1 tonne) reflects a greater 
incidence of rice-insufficiency within that village population. 
The Snao farm had the highest annual expenditure, mainly for the DS radish and EWS rice crops, 
although the WS rice crop also incurred higher expenditure than in the other two villages. Fertilizer, 
fuel, and pesticide were all large items of expenditure in this case. In the other two villages the 
major expenses were for the fertilizer input for the WS rice crop, with relatively less expenditure on 
the EWS rice and DS non-rice crops. As noted above, the application of farmyard manure was two 
to three times higher in the Snao farm (11 t/year), nearly 70% of which was applied to the DS radish 
and EWS rice crops, with many radish and EWS growers buying extra farmyard manure from other 
nearby villages. In the other two villages, most farmyard manure was applied to the WS rice crop – 
81% in Trapeang Run and 60% in Ta Daeng Thmei.  
The cropping systems required similar annual labour inputs of 150 to 175 days/year, that is, less 
than one full-time worker. It was estimated that cattle activities required a further 150 days/year in 
each village, and non-farm activities accounted for a significant proportion of household labour, 
especially in Trapeang Run. Though the total labour input for cropping was similar, the labour-
intensity was highest for the Snao farm (264 days/ha), reflecting the small farm size and the high 
cropping intensity. WS rice absorbed a little over 70% of the total labour input in the Trapeang Run 
and Ta Daeng Thmei farms, but less than 40% in the Snao farm, where DS radish cultivation 
accounted for the largest share (54%).  
The monthly labour profile was also similar between the Trapeang Run and Ta Daeng Thmei farms, 
with two comparable peak periods in July-September, when the EWS rice harvest coincided with 
land preparation and transplanting for the WS rice crop, and December-January, when the 
harvesting of WS rice and the planting of DS peanut and other non-rice crops were carried out. In 
the Snao farm, the labour concentration was also high in the July-September period but peaked from 
December to April due to the WS rice harvest and the intensive DS radish activity. Collecting 
native grasses for cattle in the WS increased the labour requirement in the July-September period in 
all three villages. 
Besides the WS and EWS rice crops, the DS cultivation of radish, peanuts, and other non-rice crops 
contributed to farm income, especially for the representative farms in Snao and Ta Daeng Thmei. 
The Snao farm generated the highest gross income (USD 1,820/year) and cash income (USD 
1,420/year), two to four times that of the other two villages. After deducting the high level of cash 
expenditure (USD 720/year), the Snao farm still had the highest net cash flow (USD 700), 
somewhat higher than Ta Daeng Thmei (USD 660) but three times the net cash flow for Trapeang 
Run (USD 230). The DS radish crop contributed about 90% of the net cash flow in the Snao farm, 
whereas the peanut crop contributed only 25% of the net cash flow in the Ta Daeng Thmei case, the 
majority of the cash flow coming from the sale of surplus rice from the WS and EWS. In Trapeang 
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Run, the sale of surplus rice from the two seasons was the main source of cash income, the non-rice 
crops giving a negligible net cash return.  
The monthly cash flow and cumulative cash balance of the three cropping systems is presented in 
Table 7.13, starting in May with the beginning of the wet season. In the rainfed system (Trapeang 
Run), there was a sufficient cash balance from the sale of the small EWS rice crop and some non-
rice crops to finance the modest expenses of the WS crop. Hence the cash balance remained 
positive throughout the cropping year, culminating in the small annual net cash flow of USD 228. 
In the intensively-managed system with on-farm irrigation (Snao), the cash balance was negative in 
May, June, and July, due mainly to the higher outlays for fertiliser for the WS rice crop, and again 
from October to December, due to the initial outlays for the DS radish crop. However, the income 
from DS radish and EWS rice generated a positive and increasing balance up to the end of the crop 
year in April, with an annual net cash flow of USD 709 n (in practice, there would likely be 
sufficient cash in hand at the start of the crop year to cover the negative balances in the early 
months of the WS, without going into debt). The fully-irrigated farm had a healthy cash balance 
every month, with income from EWS rice sales covering the initial outgoings for the WS rice crop, 
and income from WS rice sales and the DS peanut crop accumulating to give an annual net cash 
flow of USD 661, marginally less than for the Snao farm. The large amount of working capital 
cycling through the cropping systems of the Snao and Ta Daeng Thmei representative farms shows 
the higher level of economic activity in these farms, when compared with the traditional rainfed 
cropping system. 
The representative farms in Trapeang Run and Ta Daeng Thmei experienced no land-use constraint, 
because the cultivation of DS non-rice crops and EWS rice occupied only a fraction of the total 
paddy land. Even with the late harvesting of the EWS rice crop, there was little impact on the 
preparation of the WS rice nursery, because the area of EWS rice was only 16% of the total paddy 
land in each village. There was also a short break in December between the harvest of WS rice and 
the planting of peanuts (Ta Daeng Thmei) or other non-rice crops (Trapeang Run), due to the wet 
field conditions following the rainy season.  
However, the small total landholding in the Snao farm and the relatively large cultivated areas of 
DS radish and EWS rice meant that the farmer needed to manage the restricted land resource 
appropriately – through timely direct seeding of EWS rice and the careful planning of WS rice 
activities, such as nursery plot allocation, gradual land preparation of the transplanted field, and use 
of varieties with a diversity of maturation periods. The early broadcasting of the EWS rice was 
necessary to provide a short window between the harvest of EWS rice and land preparation for WS 
rice. The nursery plot designated for the WS rice was not used for the EWS rice crop. The land 
preparation and transplanting of WS rice were gradually carried out from available land plots. An 
early-maturing variety of WS rice was used on the land targeted for the first DS radish crop, starting 
from mid-December, which also minimised irrigation costs.  
A short break in cropping activities from the end of March to early May occurred in each 
representative farm, due to this being the driest period and the time of the Khmer New Year 
celebrations, meaning there was no land-use constraint between the DS crops and EWS rice.  
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Table 7.13. Cash flow for cropping year (May-April) in representative farms in the case-study villages 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Trapeang Run 
Cash costs 4 5 5 0 5 15 7 57 0 25 0 0 123 
Cash income 46 50 30 30 50 50 0 95 0 0 0 0 351 
Net cash flow 42 45 25 30 45 35 (7) 38 0 (25) 0 0 228 
Cash balance 128 173 198 228 45 80 73 111 111 86 86 86 
 Snao 
Cash costs 148 117 43 35 60 61 53 42 53 53 0 74 738 
Cash income 311 311 255 255 0 0 158 158 0 0 0 0 1,447 
Net cash flow 163 194 212 220 (60) (61) 106 117 (53) (53) 0 (74) 709 
Cash balance 84 278 490 709 (60) (121) (16) 101 48 (5) (5) (79) 
 
Ta Daeng Thmei 
Cash costs 5 6 0 0 8 8 0 60 0 30 0 0 117 
Cash income 100 100 100 81 100 100 92 105 0 0 0 0 778 
Net cash flow 95 94 100 81 92 92 92 45 0 (30) 0 0 661 
Cash balance 386 480 580 661 92 184 276 321 321 291 291 291 
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This comparison of representative cropping systems shows that, compared with the small ponds in 
Trapeang Run, typical of the lowland ecosystem, on-farm and canal irrigation can greatly increase 
the intensity, diversity, and profitability of land use, without being seriously constrained by 
available family labour, though in Snao there had been a move to adopt some labour-saving 
innovations in the DS and EWS to accommodate the tight turnarounds between successive crops on 
the limited paddy land. However, even in Snao, the potential for irrigated cropping had not been 
fully realised, due to the scattering of plots and the restricted investment in tubewells. The lands 
accessible to gravity-fed irrigation in Ta Daeng Thmei could also be extended, increasing further 
the potential cropping intensity. Nevertheless, even these partially-irrigated systems not only 
increased land and labour utilisation, making greater use of the limited set of household resources, 
but improved the physical and chemical properties of the soil, reduced the risk of a household rice 
deficit, increased the production of a marketable surplus of rice, and increased the level and 
diversity of crop income. The resultant cash flow provided the necessary working capital to keep 
the cropping system turning over, with minimal need for credit. Thus the comparison suggests a 
feasible strategy for Trapeang Run and other lowland villages. 
7.7 Marketing of Rice and Non-Rice Crops in the Three Villages 
The availability of markets is a crucial factor for successful farm commercialisation and 
diversification (Pingali, 2005; FAO/World Bank, 2001). Even though WS rice cultivation was 
primarily for household supply, from 20% to 90% of the surveyed farmers in the three villages 
reported the sale of WS paddy. Achieving a market surplus enabled households to pay for fertilizer 
costs, as well as helping to meet family expenses. The selling of WS paddy was similar in the three 
villages, with farmers selling to local rice mills and traders. The paddy market involved no contract, 
formal or informal, but relied on on-the-spot agreements between farmers and collectors. The end 
markets and consumers ranged from local markets to Phnom Penh, depending on the variety and 
quality of the rice, and also included the cross-border market with Vietnam and other export 
markets (facilitated by the recent establishment of rice export associations). Following intensive 
selling activity of large quantities of WS paddy at harvest, the trading period could also extend over 
several months, depending on the household’s financial situation. Households with no debt or 
financial constraint chose to store their paddy and sell it later, because the paddy price was 
commonly low at harvest and steadily increased as the next WS rice harvest approached.
12
  
Farmers cultivating EWS and DS rice generally took a more commercial approach to disposing of 
the output, though in some cases this was directed to meet household consumption needs due to the 
small cultivated area and/or the poor harvest of WS rice. While farmers in Trapeang Run and Ta 
Daeng Thmei only cultivated EWS rice (even though Ta Daeng Thmei had access to irrigation in 
the DS), many farmers in Snao cultivated DS rice because of their access to additional floodplain 
land. Both EWS and DS crops were mostly based on the use of the short-duration, photoperiod-
insensitive IR504 rice introduced by Vietnamese rice traders and entered into the cross-border rice 
market. Much of the material inputs, including fertilizers, pesticides, and fuel, were also imported 
from Vietnam.  
                                                 
12
 Farmers with a surplus tended to store the paddy meant for household consumption in barns and the paddy meant for 
subsequent sale in bags.  
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The market chain for this commercially produced rice output (EWS and DS rice) was well-
established, though without contracts between the growers and traders. The paddy was channelled 
from Cambodian rice growers to large-capacity rice mills in Vietnam through two main modes of 
transport – Cambodian-owned trucks and Vietnamese-owned wooden boats. Rice growers arranged, 
through local brokers, to sell their paddy to Cambodian collectors. However, there was no 
negotiation of  price with these brokers, who merely communicated the price fixed by the collectors 
and arranged for the collector’s truck to come and load the agreed amount; payment was made 
directly by the collector to the farmer, who was a price-taker in this exchange. The collectors 
trucked the paddy to sell to other Cambodian rice traders at river ports in Angkor Borei and other 
districts in Takeo Province, where barges from Vietnam had access. The Cambodian traders at these 
river ports acted as middlemen; the paddy was unloaded from the trucks directly onto the barges but 
the Cambodian collectors carried out the associated financial transactions with the Cambodian port 
traders, not the Vietnamese barge-owners (Figures 7.3 and 7.4). The barges transported the paddy 
from Cambodia to sell to Vietnamese rice mills equipped with contemporary large-capacity dryers 
and other facilities in Vietnamese districts bordering Takeo Province.  
 
Figure 7.3. Weighing and unloading paddy rice from a truck at Angkor Borei port,                              
Angkor Borei District, July 2012 
The paddy rice was generally traded at high moisture content because it had been sold as soon as it 
was mechanically harvested. Due to lack of drying and storage facilities, the farmers sold directly to 
traders in the field without transporting the paddy to their homes, which in any case would have left 
them in a worse bargaining position. The rice traders offered farmers a narrow price range; for 
example, the paddy price was between USD 0.19 and 0.25 per kg in 2011-2012, as reported by 
growers and traders interviewed in Takeo and Kampong Speu Provinces. Given that the lack of 
alternatives to selling into the Vietnamese market and the narrow window in which this market was 
available, farmers were definitely price takers. Nevertheless, the returns to their labour and 
investment were sufficient to make this activity worthwhile. 
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The nature of the markets for non-rice crops is also an important consideration when thinking of the 
potential for expansion of DS cropping in the study areas and the rainfed lowlands more generally. 
Crops such as radish, cucumber, and watermelon have to be picked and sold when mature, because 
the growers cannot preserve the fresh produce for long. Peanuts and mungbean, on the other hand, 
can be stored for at least one cropping season. Under depressed market conditions, farmers may 
have to sell the former crops at a loss (or write them off), whereas they could store peanuts and 
mungbean until prices improved.   
 
Figure 7.4. Loading paddy rice onto a Vietnamese-owned wooden boat                                                        
at Angkor Borei port, Angkor Borei District, July 2012 
DS crops also vary with the size of the market. Radish was bought in the field by traders and the 
main market was Phnom Penh, from where the produce was further distributed to other urban and 
provincial markets. The sizeable market meant the radish growers in Snao were in no danger of 
flooding the market and depressing the price. Water melons were also sold on a per-unit-area basis, 
with the watermelon buyers visiting the village with their trucks to collect the crop. The main 
market for watermelon was not necessarily in Phnom Penh but any market in Takeo, Kampong 
Speu, and other provinces. Hence this crop too had a considerable market. However, the markets for 
peanuts, cucumber, and the non-rice crops produced in Trapeang Run relied on small-scale vendors 
supplying local markets that could easily be flooded. Research needs to focus on crops that have 
good storability and large market potential, so that more lowland farmers can enjoy the additional 
cash income received by DS crop growers in Snao and Ta Daeng Thmei. 
7.8 Cattle Raising  
Apart from providing the traditional and still-crucial services of draught power and farmyard 
manure, raising cattle was an important additional source of farm income, generating occasional 
cash income for a large number of households in each village. However, there were some 
differences in cattle raising between the three villages (Table 7.14). 
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Table 7.14. Comparison of cattle raising at village and household levels in the case-study villages 
 Unit Trapeang 
Run 
Snao Ta Daeng 
Thmei 
Total village cattle no. head 270 312 475 
Stocking rate for village no. per ha 2.4 0.9 3.7 
Cattle-raising households  % 86 56 100 
Households selling cattle % 27 11 41 
Mean cash income USD/year 520 590 473 
Mean no. cattle per household head 3.0 2.8 3.7 
Ratio of cows to bulls head 5:1 1.5:1 1.5:1 
Calving interval months 30 18 18 
Maturity age years 3.5 3 3 
Mean ploughed area ha 3.5 2.0 5.0 
Mean no. of trips with cart trips/year 31 43 28 
Farmyard manure output t/year 6.5 5 5 
 
All or most households in each village raised cattle, but the incidence was lowest in Snao (56%), 
with the smallest farm size and the highest incidence of tractor-ownership, reflecting a likely trend 
in the lowlands. On average, cattle-raising households kept only 3-4 cattle – more in Ta Daeng 
Thmei and less in Trapeang Run and Snao. The ratio of cows to bulls was nearly 5:1 in Trapeang 
Run and close to 1.5:1 in the other two villages. As discussed in the case-study chapters, a pair of 
bulls was preferred for draught power but cows often substituted in this role because of their lower 
cost and additional benefit of providing calves, so in the poorer, rainfed village of Trapeang Run, 
the proportion of cows was higher. Despite having the smallest number of cattle, cattle-raising 
households in Snao had the highest capital value, somewhat higher than that of Ta Daeng Thmei, 
because the more common type of cattle owned was the larger, the white Haryana breed (or 
“riverbank cattle”), more typical of the Tonle Bassac area, which commands a higher market price 
than the smaller yellow cattle.  
The most common ways of acquiring cattle were through the traditional means of inheritance from 
parents and producing calves, but cattle purchases were also reported. Ta Daeng Thmei had the 
highest incidence of purchasing cattle (80%), around double the other two villages, reflecting a 
growing cattle market. Keeping cattle on a share basis was practised across the three villages.  
The practice of cattle management was not influenced by the different DS cropping patterns across 
the three villages. The traditional practice of free grazing in the DS that was extensively carried out 
in the rainfed lowlands in the past, was restricted in all villages. In Snao and Ta Daeng Thmei, this 
was because of the cultivation of radish, peanuts, cucumbers, watermelons, and other non-rice crops. 
But even though DS crops were insignificant in Trapeang Run, cattle were no longer set free to 
graze, in order to save on labour, produce more farmyard manure, and enhance cattle safety.  
The most common feeding practices were, tethered grazing of rice stubble in the DS (on paddy land 
not used for DS cropping), the conservation of rice straw from the WS and EWS rice harvests 
(stacked in the houseyard and fed throughout the year), and collecting native grasses to supplement 
the rice straw with green feed. There was a positive impact of DS cultivation on cattle feed in Snao 
and Ta Daeng Thmei in the form of crop by-products, including peanut stover and radish leaves. 
Frequent nutrient application and watering of non-rice crops also increased weed growth, providing 
an additional (and conveniently located) supply of cattle feed. However, in Trapeang Run, finding 
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green feed was almost impossible in the DS, because the limited cultivation of non-rice crops 
(mainly vegetables) produced no by-products. Hence one third of cattle keepers in this village 
purchased grass to supplement their cattle’s feed supply in the DS.  
Despite providing a large cash income from the sale of cattle, draught animal power was the most 
important reason for owning cattle in the rainfed conditions of Trapeang Run, where subsistence-
oriented farm households were dependent on cattle for their cropping activities. Farmers in Ta 
Daeng Thmei also used cattle for draught purposes, not only for the traditional WS rice crop but 
also for the DS and EWS crops. Despite having a higher use of two-wheel tractors in Snao, cattle 
were still used intensively for the WS rice activities and the transportation of farmyard manure for 
all crops, whereas land preparation for DS radish, DS rice, and EWS rice, as well as the 
transportation of paddy rice after harvest, were largely carried out by tractor.  
The production of cattle manure for improving the fertility of the paddy fields was also one of the 
main motivations for keeping cattle, as indicated by every cattle owner interviewed. Because 
mineral fertilizer was costly, the majority of farmers collected farmyard manure for application to 
their fields. In addition, many of the farmers interviewed believed mineral fertilizer (which they 
called “chemical fertilizer”) had an adverse impact on soil structure by developing a compact soil 
surface. Cattle keepers in Trapeang Run produced the most cattle manure (6.5 t/year), compared 
with around 5 t/year in the other villages, with some of the EWS rice and radish growers in Snao 
purchasing cattle manure from riverbank villages. The production of manure per animal did not 
differ greatly, but the total amount produced was increased by the addition of green materials, poor-
quality rice straw, and decomposed waste.  
The highest expectation of cattle keepers was to see their cows producing calves, because this 
meant an increase in stock numbers, the potential for draught power, and a potential source of cash 
income. However, the average calving interval was reported to be about 18 months in Snao and Ta 
Daeng Thmei and up to 30 months in Trapeang Run. The time to reach maturity, whether for bulls 
to be used for draught purposes, or cows to calve, was 32-35 months in Snao and Ta Daeng Thmei 
but 42 months in Trapeang Run. Insufficient and poor quality feed was likely to be the main factor 
delaying calving and slowing growth in Trapeang Run. In addition, most cows raised in Trapeang 
Run were also used for draught purposes, placing an additional nutritional constraint on calving and 
growth.  
In Snao and Ta Daeng Thmei, the use of irrigation to grow high-quality introduced forages 
throughout the year would have a positive impact on cattle rearing and increase the cash income 
from this source. Mong et al. (2013) found that introduced forages can increase cattle (hybrid cattle 
of local, Haryana and Brahman crosses) weight gaind under Cambodian conditions, to 0.4-0.5 
kg/day, improving the value of selling cattle to traders once they reach their mature weight (rather 
than as culls). The adoption of forages can extend the fattening period through the DS, by using 
irrigated forage plots or conserving forage in the form of silage to feed in the DS (Figure 7.5). 
However, the allocation of paddy land to forage production would be a difficult choice for farmers 
with very small landholdings, as in Snao.  
Cattle are still the major source of draught power and nutrients for WS rice cultivation in most 
lowland provinces of Cambodia, though mechanisation has been used for DS rice cultivation and to 
some degree for WS rice, in a number of north-eastern provinces. There are two possible trends for 
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lowland farmers in the south-east as on-farm irrigation becomes more prevalent. On the one hand, 
intensification of cropping may encourage greater mechanisation, as in Snao, leading to a reduction 
in cattle numbers, though such intensive farming systems still use draught animals in conjunction 
with tractors, and still need farmyard manure (to the extent of buying it from other villages). On the 
other hand, given the growing market demand for beef, farmers with  more land (as in Ta Daeng 
Thmei) may decide to capitalise, not just on the additional crop by-products from intensive 
cropping, but on the potential from maintaining  high-quality forage plots throughout the year to 
fatten Harayana cross and other high-potential breeds, as an additional commercial enterprise. 
 
Figure 7.5. Brahman and Haryana cattle breeds being fed with good quality irrigated forage           
by a leading farmer under the Best Practice Health and Husbandry of Cattle Project in Takeo 
Province, April 2013 
7.9 Household Income 
The survey households in all three villages showed two major sources of cash income – farming 
(including rice, non-rice crops, and livestock) and off-farm and non-farm employment. However, 
differential access to irrigation, differences in land ownership, and different locations relative to 
urban centres, influenced the balance between these income sources (Table 7.15).  
The WS rice crop, supplemented by the EWS rice crop, enabled most households to be self-
sufficient in rice. Only 12% of households experienced a rice deficit in Snao and Ta Daeng Thmei, 
while 32% of households in Trapeang Run could not produce enough rice for their year-round 
needs. Rice-deficit households had smaller landholdings, lower yields, a larger number of family 
members, and less EWS rice.  
Ta Daeng Thmei had the highest level of cash income from WS rice (90%) and the highest mean 
cash income (USD 300), both well above the other villages. The larger area of paddy land owned in 
Ta Daeng Thmei (though still only 1.3 ha) enabled farmers to reliably produce this significant 
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marketed surplus. On the other hand, Snao had a much higher incidence (63%) and mean cash 
income (USD 300) from EWS rice, despite the small size of paddy holdings.   
Table 7.15. Comparison of cash income sources in the case-study villages 
Source Trapeang Run  
(n=79) 
Snao  
(n=62) 
Ta Daeng Thmei  
(n=59) 
 % of 
house-
holds 
Mean 
income 
(USD) 
% of 
house-
holds 
Mean 
income 
(USD) 
% of 
house-
holds 
Mean 
income 
(USD) 
WS rice 47 88 24 56 90 306 
EWS rice 29 35 63 296 15 19 
Non-rice crops 34 34 89 695 97 222 
Livestock 58 211 39 217 66 305 
Farm wages 19 5 32 46 7 29 
Non-farm 84 621 34 226 49 222 
Total 98 995 100 1,935 100 1,074 
 
The access to irrigation in Snao and Ta Daeng Thmei led to a very high incidence of income from 
non-rice crops, 89% in the former and 97% in the latter. The mean income in Snao, mainly from 
radish, was almost USD 700, whereas peanuts in Ta Daeng Thmei grossed USD 220. Non-rice 
crops were an insignificant source of cash for the rainfed village. 
The incidence of cash income from livestock ranged from 40 to 65%, with Snao at the lower end of 
this range. Trapeang Run and Snao farmers earned more income from the sale of poultry, while Ta 
Daeng Thmei farmers earned more from cattle, reflecting a higher stocking rate, the positive impact 
of the reservoir on the supply of cattle feed, and the increasing interest in this village in the cattle 
market.  
With less income from crops and livestock and little intra-village demand for wage work, non-farm 
activities became the major source of cash income for households in Trapeang Run, with 84% of 
households earning on average USD 620. Their proximity to the Takeo provincial centre provided 
better access to non-farm employment, without them needing to leave the village. Non-farm 
workers in the other two villages were more likely to be working in Phnom Penh on a full-time 
basis. In Ta Daeng Thmei, there were also some international migrant workers.  
The influence of landholding and size of labour-force on cash income were examined in each case 
study. Differences in landholdings were clearly an important factor in the cash income from WS 
rice, as the case of Ta Daeng Thmei demonstrates. However, landholding had less impact on the 
income from non-rice crops, because only a small proportion of the available land was cultivated to 
these crops. In this case, access to irrigation was the limiting factor rather than land. The income 
from the sale of livestock was also influenced by the size of landholding. The larger landholders 
generally had a larger investment in cattle, increasing their income from this source. However, farm 
size was not correlated with non-farm income in any of the three villages.  
Households with more labour generated more income from the WS rice crop, but household labour 
was not correlated with income from EWS rice and non-rice crops (or DS rice in Snao) because 
these activities were more dependent on mechanization and hired labour (as well as being 
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constrained by irrigation, as noted in the previous paragraph). The income from the sale of livestock 
also increased with the number of household workers, except in Ta Daeng Thmei. However, total 
farm income increased with increasing family labour in all three villages. The income from non-
farm employment was positively correlated with the size of the household workforce in Trapeang 
Run and Ta Daeng Thmei, but these variables were negatively correlated in Snao, presumably 
because of the capacity of the cropping system in Snao to absorb labour year-round.  
Only two households in Trapeang Run did not generate any cash income from the above sources 
(though there may have been other minor sources not covered in the survey). Snao had the highest 
mean total cash income from all sources (almost USD 2,000/year), compared with around USD 
1,000 in the other two villages. The most important income source for Trapeang Run was from non-
farm sources (62% of mean total income), for Snao was non-rice crops (36%), and for Ta Daeng 
Thmei was evenly divided between WS rice and livestock (29% each). The irrigated villages had 
much more farm cash income and, importantly, more diverse sources of income, than the largely 
rainfed village. 
7.10 Conclusion 
Subsistence cultivation of WS rice using traditional techniques and resources is still the core of 
farming systems in the lowlands. However, in a purely rainfed environment, WS rice production 
has limited capacity to generate cash income and can leave households with small landholdings (0.6 
ha or less) with a rice deficit. This has induced a shift to non-farm employment as the major source 
of income, often involving younger household members moving away from the village for extended 
periods, which further limits the capacity for farm improvement. Rural households in this situation, 
the majority in the rainfed lowlands, have low incomes and limited means to pursue an agricultural 
development pathway out of poverty. 
The comparison with villages that have access to groundwater or canal irrigation shows that an 
adequate supply of water is the key to achieving the following: 
 more secure subsistence; 
 more commercial production of rice in the WS and/or EWS; 
 successful DS cropping of non-rice crops; 
 potentially, commercial beef cattle enterprises.   
The capacity of households to make these improvements depends on their resources of land and 
labour. Households with more land (1-2 ha) have more potential to produce surplus WS rice and to 
diversify into intensive, forage-based beef production, as well as producing commercial non-rice 
crops in the DS. However, even with small holdings (< 1 ha), households with on-farm irrigation 
can intensify cropping in the DS and EWS, with increasing use of mechanisation, and achieve a 
potential doubling of farm income.  
The results of this irrigation-based agricultural intensification include a more secure supply of rice 
for subsistence, higher cash income, greater utilisation of the household’s resources of land and 
labour, improved soil resources, and more diverse (and resilient) farm and livelihood systems. The 
case studies support  this, but also show that there is considerable potential for further improvement 
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in each component of the farming system – WS rice, EWS rice, DS cropping, and livestock – by 
increasing the extent of irrigation and hence the utilisation of farm resources, the selection of 
varieties and crops with greater resilience and market potential, and adopting labour-saving 
innovations. 
Outmigration from the densely-populated, rainfed lowlands of southern Cambodia will undoubtedly 
continue, but the case studies show that the development of more intensive, diverse, and market-
oriented farming systems, based on on-farm irrigation, provides a promising alternative pathway for 
many rural households.  
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CHAPTER 8 
CONCLUSION 
 
8.1 Research Problem and Approach 
This thesis has explored the potential for smallholder agricultural development in the rainfed 
lowlands of Cambodia, with particular emphasis on the role of water. As in Asia as whole, farming 
in the rainfed lowlands of Cambodia involves the cultivation of a single crop of rice in the wet 
season, on small areas of paddy land (often less than one hectare), primarily for subsistence. The 
area of rainfed lowland rice in the country is about 2.5 million ha, which is 87% of the total rice 
area. Rice yields in this ecosystem averaged only 1.5 t/ha in the 1990s and, though yields have 
increased in the past decade, they remain highly variable throughout the country and have 
contributed little to the recent growth in rice exports. This reflects that rainfed lowland farming is 
carried out under various pressures, including the seasonality and variability of rainfall, lack of 
irrigation and drainage systems, poor soil fertility, weed and pest problems, reliance on 
conventional farming practices, and limited farm resources and inputs. All these constraints 
contribute to low productivity, the persistence of subsistence-oriented farming systems, and low 
levels of farm income, because opportunities for productive employment of land and labour in the 
dry season are limited. 
The overarching research question addressed in this thesis was: Can farm households in the rainfed 
lowlands of Cambodia successfully pursue an agricultural development pathway out of rural 
poverty? The guiding hypothesis has been that access to irrigation is the key to developing the 
lowland rice-based farming system beyond a single wet-season crop for subsistence. It has been 
argued that varying degrees of access to irrigation can increase the opportunities for more 
intensified, diversified, and market-oriented crop and livestock production. These opportunities can 
allow farmers in the lowlands, even with their limited resources, to significantly improve their 
livelihoods through improved farm management. 
Building on the central research question, the overall aim of the research was to understand the 
current agricultural and economic situation of farm-households in the rainfed rice-growing lowlands 
of Cambodia, and evaluate the farm management options available to them to pursue an agricultural 
development pathway out of rural poverty. Because the pressures on lowland farmers are most 
acute in the more densely-populated provinces of southern Cambodia, the focus of the research was 
on understanding the circumstances of farmers in this zone and the options available to them. Hence 
the specific objectives were: (i) to describe and evaluate the situation, constraints, and management 
of farms in rainfed lowland villages of southern Cambodia; (ii) to compare the options available to 
farm managers and village communities in similar biophysical and socioeconomic environments but 
with different degrees of access to irrigation, and (iii) to identify the potential development 
pathways and adaptive responses of farm managers. 
Given the emphasis on understanding the farming situation and farmers’ management responses, 
where the boundaries between these phenomena and their context were not clear-cut, the 
methodology used was a comparative case-study approach (formally, a multiple-case embedded 
design). Three lowland villages in Kampong Speu and Takeo Provinces in southern Cambodia were 
selected to reflect broad similarities in biophysical and socioeconomic environments but different 
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degrees of access to irrigation. Trapeang Run in Takeo showed the full extent of the development 
problem facing farm-households and villages in the rainfed lowlands with very limited access to 
irrigation (only small houseyard ponds). Snao in Takeo showed what options become available, 
even to land-poor farm-households, with access to on-farm sources of irrigation, especially 
groundwater. This case also showed the potential for agricultural development through farmer 
innovation with little or no outside intervention. Ta Daeng Thmei in Kampong Speu showed what 
farmers can do with access to a medium-scale, gravity-fed irrigation scheme. The similarities and 
differences between the three case-study villages were compared and analysed, to derive 
generalisations that addressed the research question, aims, and objectives. 
Within this case-study design, there were multiple units of analysis – the case-study villages 
themselves, different categories of farm-household within each village, and the major activities or 
enterprises into which farming was organised. At the village level, various sources of data were 
used to develop a profile of the village’s geography, history, settlement pattern, demography, farm 
resources and activities, land use, and farming practices. However, the major analytical focus was 
on the integrated management of whole farming systems at the level of the farm-household. A 
whole-farm approach was used to describe and analyse farm-household resources, farming practices 
and activities, off- and non-farm employment opportunities, and use of available farming 
innovations.  
Multiple methods were used to provide the primary quantitative and qualitative data for the case 
studies, to enable triangulation of the evidence to produce robust and reliable research outcomes. 
These methods included farm-household surveys, key informant interviews, discussions with 
village heads, direct observations in farms (including photography), village walks, soil sampling, 
and measurement of on-farm water sources. In addition, secondary data from field crop experiments, 
village records, and long-term rainfall data, were analysed.  
The questionnaire survey provided the bulk of the data for the case studies. The questionnaires were 
carefully developed and modified after village reconnaissance visits to suit the practical situation in 
each case. The number of households surveyed was substantial enough to represent the entire 
village population. In general, farmers found the questions understandable and relevant, and were 
willing to provide frank and helpful answers that were consistent with the observations of key 
informants and secondary data. The focus on practical farming issues created a degree of rapport 
with respondents and informants that produced confidence in the data obtained.  
However, to increase the robustness of the analysis in the face of potential measurement error, the 
descriptive statistics gave greater emphasis to the mean, median, and interquartile range, than to the 
outliers, though these were individually examined where relevant to explore any underlying factors 
of potential interest. Nevertheless, in general, there was a high degree of homogeneity in the 
household survey data, giving credibility to the use of summary data to characterise the village as a 
whole. Where distinct farm types emerged from the analysis (as in Snao, reflecting the important 
difference between those with and without access to DS paddy land), these types were differentiated 
in making generalisations at village level.   
Conventional tools of farm management economics, such as enterprise budgeting and whole-farm 
analysis, were tailored to the observed decision-making behaviour of the farmers in the study. The 
notion of managing distinct farm enterprises to meet the overall objectives of the household was 
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found to be highly applicable to the context faced by most farmers. In particular, it was found that 
the net return to household resources of land, labour, and capital (NRHR), and the net return per day 
of family labour (NRL), were appropriate measures of the economic benefit of alternative activities 
(including the opportunity to obtain a daily wage from  off-farm employment). In addition, 
particularly for more commercially-oriented enterprises such as DS cropping, the net cash flow was 
a relevant measure. 
8.2 Research Findings and Implications 
8.2.1 A Dynamic Context 
The characteristics of the three case-study villages need to be seen in the context of the general 
features of the rainfed lowlands in Cambodia, and the emerging trends. All the villages had high 
population densities, characteristic of the rice-lands of southern Cambodia. Hence all were 
experiencing the long-term net outmigration that has been a feature of the study area in recent 
decades. However, the non-irrigated village, Trapeang Run, not only had a higher incidence of non-
farm employment but appeared, on the basis of demographic evidence, to have a higher rate of 
permanent out-migration. This underscores the potential trade-off between an agricultural 
development strategy and one based on outmigration and ultimately exit from agriculture (though 
the two strategies can be complementary within a given household).  
All the case-study villages had reasonable access to the national capital of Phnom Penh, hence to 
the largest and fastest-growing urban market in the country, as well as being in close proximity to 
an even bigger market in Vietnam. Hence future expansion of agricultural production was unlikely 
to encounter a market constraint. Trapeang Run also had particularly good access to district and 
provincial centres, while the greater distance from national roads and market centres faced by Snao 
and Ta Daeng Thmei was more typical of rainfed lowland villages. Nevertheless, the widespread 
improvement in transport infrastructure in most parts of the Cambodian lowlands over the past 
decade has created significant new market opportunities, even for these relatively remote villages.   
While the dispersed settlement pattern of Trapeang Run was atypical, it could indicate the future 
pattern for lowland villages, as population grows and farming becomes more intensive and diverse. 
The traditional Khmer pattern of clustered housing in a village centre was already beginning to 
change in the other two villages, as a number of young farm families had settled on their inherited 
paddy land rather than adjacent to the parental household. This could improve the efficiency of farm 
management and the capacity to take on more diverse and intensive activities. More important, 
however, the fragmentation of paddy land that was seen in all three villages (averaging as many as 6 
plots per household in Ta Daeng Thmei), influenced by the 1980s land reform and the pattern of 
land inheritance, was a general phenomenon in the rainfed lowlands, potentially hindering the 
adoption of both mechanisation and more widespread irrigation. There was no evidence of any 
trend to rationalise and consolidate these fragmented landholdings.  
The generally small landholdings seen in the case studies, even the very low mean of 0.6 ha in Snao, 
is common for the southern lowlands. Though there was variation in farm size, which was a critical 
determinant of economic differences between households, even in Ta Daeng Thmei, which was the 
village with the largest mean area (1.3 ha), the interquartile range was only 1-2 ha. Likewise, the 
reliance on WS paddy land with infertile, sandy soils, and only small upland plots used for 
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houseyards and non-rice crops, was representative of the general situation in the rainfed lowlands. 
The land potential of Trapeang Run was more typical in that paddy lands made up most of the 
village area apart from residential land, whereas the other two villages had greater access to upland 
plots for cropping, and some farmers in Snao had access to dry-season paddy land beyond the 
village boundary (not a general feature in the rainfed lowlands). The two irrigated villages also had 
the advantage of a landscape with canals, streams, small lakes, and reservoirs.  
Establishing small rainfed ponds in houseyards has long been a practice in lowland villages, though 
they are mainly used for domestic purposes, as in Trapeang Run. Likewise, accessing groundwater 
through open wells is an established practice, but not generally for irrigation of crops. However, the 
case of Snao, with widespread on-farm irrigation based on groundwater, reflects an emerging trend 
in parts of the southern and south-eastern provinces (though most farmers in Trapeang Run, despite 
being in a nearby district, were unaware of the successful use of groundwater for DS cropping in 
Snao, suggesting limited spread of information). As in Trapeang Run and Snao, there is limited 
potential in the lowlands for the kind of reservoir-based irrigation development seen in Ta Daeng 
Thmei.  
The increasing engagement of household members in non-farm employment in all three villages, is 
characteristic of the lowlands, despite varying distances from Phnom Penh. In each of the study 
villages, young women were twice as likely to be engaged in non-farm work (mainly in the garment 
industry) as in farming. Many young men from the lowlands also take up employment in Phnom 
Penh, mainly in construction, but in the study villages they were just as likely to be engaged 
primarily in farming. In Trapeang Run, with its better access to local markets, young men and some 
older household members, also had local trade, business, and wage employment. However, the 
significantly greater reliance on non-farm income in Trapeang Run was primarily a function of the 
limited scope for agricultural development on account of the irrigation constraint. 
8.2.2 Options for Rice 
The cultivation of WS rice remains the basis of subsistence, as well as being an important source of 
cash income for farm households in the rainfed lowlands. Though traditional farming practices 
(including the use of traditional varieties) predominated in all three villages, certain key factors 
gave farmers in Snao and Ta Daeng Thmei an edge over farmers in Trapeang Run, who were more 
closely representative of the majority of WS rice farmers in the rainfed lowlands. Access to 
adequate supplementary irrigation in Snao and Ta Daeng Thmei was important to save the crop in 
drought periods during the WS, whereas the small ponds in Trapeang Run were only sufficient to 
protect the crop at the nursery stage. Snao farmers used only a few traditional varieties, suggesting 
that they had selected higher-performing varieties, whereas Trapeang Run farmers used 15 
traditional varieties, most of them yielding less than 2 t/ha. Higher rates of input use, including seed, 
fertilizer, and fuel (for irrigation), along with better varieties, helped give Snao farmers a 
significantly higher yield than in the other two villages. The small land holdings in Snao induced 
farmers to intensify and diversify their entire cropping system, with farmyard manure, fertilizers, 
and on-farm irrigation being used for up to four crops per year, thus improving the soil fertility in 
the WS rice fields and contributing to higher yields. In contrast, in Trapeang Run, with only a single 
rice crop and lower application of nutrients, the paddy land remained with low potential. The 
greater involvement in non-farm activities in Trapeang Run, especially among younger household 
members, reduced the timeliness with which the tasks of transplanting, fertilizer application, 
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weeding, and harvesting were completed, thus decreasing yield potential. This further highlights the 
trade-off between farm and non-farm strategies mentioned above. 
The integration of traditional and improved practices for WS rice cultivation in Snao could indicate 
a possible future pathway for resource-poor lowland households, such as those in Trapeang Run. 
Even with small paddy holdings, Snao farmers were mostly self-sufficient in rice and could earn 
some cash income from the WS crop. With somewhat larger holdings, though still only 1.3 ha on 
average, farmers in Ta Daeng Thmei could produce a substantial surplus paddy for cash income, 
even with  low yields; in fact, WS rice was their main source of cash income. Targeting suitable 
high-yield varieties and high nutrient inputs for a portion of the WS crop intended for the market, 
could potentially improve the livelihoods of farmers, such as those in Ta Daeng Thmei and beyond.    
The area of EWS in Cambodia has more than doubled over last three years, and is particularly 
important in the study area. It is likely that the area and output of EWS rice will continue to expand, 
both to supplement subsistence production (especially when the WS crop has left households with a 
rice deficit) and to generate cash income. The case-study villages illustrate this trend. The main 
purpose of EWS rice cultivation in Trapeang Run was to supplement domestic rice supply, given 
the greater incidence of rice-deficit households following the WS crop. However, EWS production 
was restricted by the lack of adequate irrigation, and both yields and the return to labour were low. 
In Snao and Ta Daeng Thmei, the main purpose of EWS rice was to generate cash income. 
However, only some plots in Ta Daeng Thmei were suitable for gravity-fed irrigation and, with a 
large surplus of WS rice, there was less incentive to spend money on fuel to increase the EWS rice 
area. Snao farmers cultivated the largest area of EWS rice involving the highest proportion (about 
two thirds) of their paddy holdings. Their motivation was the small area available for WS rice 
production (hence the limited surplus) and the availability of on-farm irrigation. They used high 
levels of inputs and achieved high yields and returns in a largely commercial operation. 
A number of practices were adopted in Snao to boost the EWS rice yield and net returns to family 
labour. The key cultural practices comprised mechanised land preparation, harvesting, and post-
harvest operations, direct seeding, a high seed rate, and the application of herbicides, significantly 
reducing the total labour input. High-yielding, short-term, readily marketable rice varieties were at 
the core of the enterprise. The market chain for this commercially produced rice output (as for DS 
rice) was well-established, with the harvested paddy being channelled directly from Cambodian rice 
fields to large-capacity rice mills in Vietnam. Accordingly, the crop received high levels of material 
inputs, including manure, mineral fertilizers, and fuel for irrigation, to improve the crop yield. 
These practices suggest a way forward for less-productive rainfed villages, such as Trapeang Run, 
given a profitable market outlet. 
8.2.3 Options for Non-Rice Crops  
There is an established view that DS cropping of non-rice crops in the rainfed lowlands has limited 
potential. However, once on-farm irrigation is brought into the equation, the scope for DS cropping 
improves. The case studies (and to some degree the field experiments) show that WS paddy land 
has the potential for cultivation of non-rice crops in the DS to improve household cash income and 
supply domestic consumption needs. The crops were able to be grown under a range of irrigation 
conditions, from small ponds to reservoir-based, gravity-fed irrigation. The crops encountered in the 
case-study villages had very different water requirements, from daily watering to 2-3 rounds of 
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irrigation per crop during the growing season. However, the key to obtaining viable returns was a 
reliable irrigation source, such as in Snao and Ta Daeng Thmei. The limited water supply in 
Trapeang Run provided negligible returns with a high risk of making a loss on the investment in 
inputs. Improvement in on-farm irrigation is necessary for rainfed lowland villages such as 
Trapeang Run, to produce a substantial and reliable cash income from the cultivation of non-rice 
crops in the DS.  
Given an adequate supply of water, villages such as Trapeang Run could be expected to replicate 
the success of radish growers in Snao and peanut growers in Ta Daeng Thmei. To viably adopt the 
Snao radish cropping system, farm households would also need to have suitable soils, an available 
market, sufficient working capital, and an adequate supply of family labour to undertake the 
intensive operations required. The lower requirements for water, cash outlays, and labour for the 
peanut system in Ta Daeng Thmei, make this a more feasible DS cropping option for resource-poor 
farmers (and those with other non-farm employment options) in villages such as Trapeang Run.  
However, the extent of the groundwater resource and the suitability of radish, peanuts, and other 
crops, need to be tested in different settings before encouraging farmers in villages, such as 
Trapeang Run, to adopt this practice. Moreover, the nature of the markets for non-rice crops is an 
important consideration. Crops such as radish, cucumber, and watermelon have to be picked and 
sold when mature, because they cannot be stored for later sale when prices may be higher. Peanuts 
and mungbean, on the other hand, can be stored for at least one cropping season. Under depressed 
market conditions, farmers may have to sell the former crops at a loss (or write them off), whereas 
they could store peanuts and mungbean until prices improved. Research needs to focus on crops that 
are not only agronomically well-adapted, but also have good storability and large market potential, 
so that more lowland farmers can enjoy the additional cash income received by DS crop growers 
such as those in Snao and Ta Daeng Thmei. 
8.2.4 Options for Livestock 
Apart from providing the traditional but still important services of draught power and farmyard 
manure, raising cattle was an important additional source of farm income, generating a periodic 
cash income for a large number of households in each village. Cattle are still the major source of 
draught power and nutrients for WS rice cultivation in most lowland provinces of Cambodia, 
though mechanisation has been used for DS rice cultivation and, to some degree, for WS rice in a 
number of north-western provinces, and mechanised land preparation has become more common in 
Snao in the DS and EWS.  
Two possible trends were identified for lowland farmers in the study area as on-farm irrigation 
(whether from ponds or tubewells) becomes more prevalent. On the one hand, intensification of 
cropping may encourage greater mechanisation, as in Snao, leading to a reduction in cattle numbers, 
though such intensive farming systems still use draught animals in conjunction with tractors, and 
still need farmyard manure (to the extent of buying it from other villages). On the other hand, given 
the rapidly growing market demand for beef, farmers with more land (as in Ta Daeng Thmei) may 
decide to capitalise, not just on the additional crop by-products from intensive cropping, but on the 
potential to maintain high-quality forage plots throughout the year to fatten high-potential breeds as 
an intensive commercial enterprise.  
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The potential to make this transition to an intensive beef cattle enterprise has been demonstrated in 
pilot studies in the study area but adoption has been minimal. Overcoming the initial reluctance to 
allocate land and water resources to forages, thereby sacrificing crop production, seems to be a 
major barrier. However, evidence from other countries, such as Vietnam, suggests that once the 
profitability of forage-fattened cattle is demonstrated by early-adopting farmers, other farmers will 
readily capitalise on this option. 
8.2.5 Livelihood Pathways 
Subsistence cultivation of WS rice using traditional techniques and resources is still at the core of 
farming systems in the lowlands. However, in a purely rainfed environment, WS rice production 
has limited capacity to generate cash income and can leave those households with small 
landholdings (0.6 ha or less) with a rice deficit. This has induced a shift to non-farm employment as 
the major source of cash income, often involving younger household members moving away from 
the village for extended periods, which further limits the capacity for farm improvement. Rural 
households in this situation, the majority in the rainfed lowlands, have low incomes and limited 
means to pursue an agricultural development pathway out of poverty. 
The comparative analysis of farming systems in the study area has shown that, compared with the 
situation in Trapeang Run which is  typical of the lowland ecosystem, on-farm and (where feasible) 
canal irrigation can greatly increase the intensity, diversity, and profitability of land use without 
being seriously constrained by available family labour, although in Snao there has been a move to 
adopt some labour-saving innovations in the DS and EWS to accommodate the tight turnarounds 
between successive crops on the limited paddy land. The dispersion of farm plots has limited the 
potential for irrigated cropping in Snao and Ta Daeng Thmei to less than half the available area. 
Nevertheless, even these partially-irrigated systems have not only increased land and labour 
utilisation, making greater use of the limited set of household resources, but also improved the 
physical and chemical properties of the soil, reduced the risk of a household rice deficit, increased 
the production of a marketable surplus of rice, and increased the level and diversity of crop based 
incomes. The resulting cash flow, as well as providing for additional family consumption, has 
generated the necessary working capital to keep the cropping system turning over with minimal 
need for credit.  The comparison suggests a feasible strategy for mainstream lowland villages such 
as Trapeang Run. 
Even with small farms that were only partially irrigated, Snao had more than twice the mean total 
cash income from all sources as in Trapeang Run village. It is significant that the most important 
source of cash income for Trapeang Run was non-farm income (almost two thirds of mean income), 
whereas for Snao it was non-rice crops (more than a third), while in Ta Daeng Thmei, WS rice and 
livestock contributed about 30% each. The irrigated villages had more farm cash income and, 
importantly, more diverse sources of income, than the largely rainfed village. The capacity of 
households to make these improvements depends on their land and labour resources. Households 
with more land (1-2 ha) have more potential to produce surplus WS rice and to diversify into 
intensive, forage-based beef production, as well as producing commercial non-rice crops in the DS. 
However, even with small holdings (< 1 ha), households with on-farm irrigation can intensify 
cropping in the DS and EWS.  
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The results of this irrigation-based agricultural intensification therefore include a more secure 
supply of rice for subsistence, higher cash income, greater utilisation of the household’s resources 
of land and labour, improved soil resources, and more diverse (and resilient) farm and livelihood 
systems. The case studies support this, while also showing that there is considerable potential for 
further improvement in each component of the farming system – WS rice, EWS rice, DS cropping, 
and livestock – through increasing the extent of irrigation and hence the utilisation of farm 
resources, selecting varieties and crops with greater resilience and market potential, and adopting 
labour-saving innovations, including mechanisation. Though outmigration from the densely-
populated, rainfed lowlands of southern Cambodia will undoubtedly continue, the case studies show 
that the development of more intensive, diverse, and market-oriented farming systems based on on-
farm irrigation, provides a promising alternative pathway for many rural households.  
8.2.6 Irrigation Options 
It has been argued that the main limitation to the intensification and diversification of farming 
systems in the rainfed lowlands of Cambodia is access to irrigation. The generally flat topography 
of the central plains in Cambodia is suitable for the development of gravity-fed canal irrigation 
systems, but there is difficulty in identifying suitable locations for reservoir construction. Hence the 
construction of large-scale irrigation schemes is regarded as being not generally feasible, 
technically or economically. Small-scale irrigation initiatives by individual farm households, using 
portable pumps to extract water from surface storage and groundwater, is an increasing trend in the 
rainfed lowlands of Asia. Such small-scale irrigation innovations, particularly the utilisation of 
groundwater resources, have already made significant contributions to household incomes in the 
rainfed environment through production intensification and diversification. Many countries in South 
and East Asia have rapidly adopted individually-managed groundwater irrigation to supplement or 
replace large-scale national irrigation schemes. Small-scale pumping of groundwater resources is 
also increasingly being used in neighbouring Thailand and Vietnam. 
The use of groundwater in Cambodia is a relatively new irrigation option, being introduced in the 
mid-1980s in the south-east and becoming more widespread in provinces such as Takeo, only in the 
past two decades. Individually-owned, on-farm irrigation provides flexibility, timeliness, control, 
and ease of management, and is potentially the most productive and economically sound option for 
smallholders in the lowland environment in Cambodia. The topography and physical conditions of 
much of the rainfed lowlands are favourable for accessing groundwater. Although there is a 
recognised drop in groundwater levels during the dry season, it is still possible to use groundwater 
for dry-season rice cultivation. To date, there has so far been no evidence to support the concern 
that groundwater extraction in irrigation areas exceeds the yearly recharge. However, the extent and 
sustainability of groundwater resources have yet to be adequately defined. Observations from the 
mid-1990s in south-eastern provinces has shown  that the groundwater level has  declined by 14 
cm/year in some monitored wells and there have also been reports that groundwater levels have 
been dropping in some north-western areas. Therefore, the extraction of groundwater for year-round 
cultivation needs to be closely monitored and cautiously pursued. There is on-going research to 
establish the scientific basis for the sustainable use and management of groundwater in Cambodia 
and this research needs to be a given high priority, along with appropriate policies based on the 
results of this research.   
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APPENDIX 
FARM HOUSEHOLD SURVEYS 
 
Enumerator: ……………. Date of interview……………….……… Starting time…………… 
I. Demographic Characteristics 
1. Respondent ………….…... ; Relation with HH .……..……… ; Age…….…. ; Sex ……… 
2. Village …….……..... ; Commune…………… ; District…..…….; Province……………… 
3. Total family members ………………..….; Phone …………………………  
4. Household member information 
Relationship with HH Sex Age Education Occupation 
(>15 yrs)    Primary Secondary 
      
      
      
      
      
For ≤15 yrs member, Record No. male………. .; No. female……….  
 
II. Sources of Household Income 
Items Riel/year Sold 
quantity 
Annual total 
quantity/area 
Notes 
Agriculture incomes     
1. Wet season rice     
2. DS/EWS rice crop     
3. Non-rice crops     
4. Livestock     
5. Casual labour in farming     
6. Capital rentals (machineries)     
7. Rented out farm land     
 Non-agriculture incomes     
8. Non-farm employment     
9. Other sources (rentals, store, 
transport) 
    
……………………………     
For question 8 and 9, Record types of job, involved family member, work location types of             
rental tool 
 
III. Farm Mechanization 
Name Quantity Purchased 
year 
Bought 
Price 
Current price Notes 
Irrigation 
pump  
     
Hand tractor      
Sprayer      
……………..      
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IV. Livestock Production 
1. Animal stock and market prices 
Cattle Current 
number 
Current 
price 
Keeping 
purpose 
Number 
(bought) 
Price 
(bought)  
Year 
(bought)  
Place 
(bought)  
Cow        
Bull        
Calf        
Buffalo        
Pig        
Chicken        
Duck        
Record last purchased cattle and continued raising 
 
2. Inputs and outputs of Cattle 
Inputs/outputs Quantity/day Interval Costs Notes 
Inputs     
Rice straw (WS 
rice) 
       
Rice straw (DS 
rice) 
       
Cut grass        
Buy grass     
Vaccine       
 Treatment       
Outputs       
Manure quantity      
Draught power     
……………..     
Make sure the answer for either total cattle or one cattle; Manure cost if purchase 
 
3. Labour requirement 
 Hour/day Day/month Interval No. 
labour 
Locations Notes 
Free grazing           
Tether 
grazing 
      
Grass 
collecting 
          
……………       
 
4. Productive and cattle growth 
1. Cattle growth stage 
Growth stage of cow/bull Duration (year) 
Birth interval  
Maturity  
Life cycle  
(old) Cattle sold  
 
2. Cattle growth weight 
Maximum adult cattle weight (kg)  
Annual live-weight growth (kg)  
Why wet season live-weight grow faster?  
Why dry season live-weight grow faster?  
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3. Current cattle market prices (Estimating)   
Cattle Around 3 years Around 5 years Around 7 years Note 
River Cow     
Local cow     
River bull     
Local bull     
 
5. Exchange keeping practice 
1. Keeping status 
Cattle No. Year 
started 
No. calf 
produced 
Benefits Who is owner? Notes 
Cow       
Bull       
…….       
 
2. How long normally did this contract last? ……………………………………………… 
3. How to share the benefits? ……………………………………………………………… 
4. What happened if there was no calf productive? ……………………………………….. 
5. What happened if the cattle lost? ………………….…………………………………….. 
6. Why did the cattle owner decide to practise this? ………………….……………………. 
7. What was benefit for bull keeping? ……………………..……………………………….. 
8. How long you have kept cattle for exchange? .................................................................... 
9. When did you start exchange practice? ………………………………………………….. 
10. Cow How many calf have you received? ………………………………………………. 
 
V. Land Holding and Uses 
1. Land type 
Type Size (ha) No of parcel Notes 
Wet season field/upper field    
Dry season field/lower field    
Upland    
    
WS field close to village | lower field or flooded field distance from village 
 
2. Wet season cultivation (from July or August to November) 
Parcel 
No. 
Rice 
variety 
Cultivated 
area (ha) 
Output 
(kg) 
 Non-rice 
crops 
Cultivated 
area (ha) 
Output 
(kg) 
1        
2        
…….        
 
3. Dry season cultivation(from December to March) 
Parcel 
No. 
Rice 
variety 
Cultivated 
area (ha) 
Output 
(kg) 
 Non-rice 
crops 
Cultivated 
area (ha) 
Output 
(kg) 
1        
2        
……...        
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4. Early wet season cultivation (from April to June or July) 
Parcel 
No. 
Rice 
variety 
Cultivated 
area (ha) 
Output 
(kg) 
 Non-rice 
crops 
Cultivated 
area (ha) 
Output 
(kg) 
1        
2        
……..        
 
VI. Wet Season Rice Production 
1. Labour inputs 
Activities Date No. labour No. hour Notes 
Seedbed (size =              ) 
Ploughing      
………………..     
Harrowing     
………………
… 
    
Broadcasting     
Fertilizing     
Irrigation    Total number of irrigation = 
Pulling     
Main field (size =         )                   
Ploughing      
………………     
Harrowing     
No. 1     
Transplanting     
Fertilizing     
Irrigation    Total number of irrigation = 
………………     
Weeding    Total number of weeding = 
………………     
Pesticides    Total number of spray = 
If hired labour, need to record the cost 
 
2. Material inputs (cultivated size =         ) 
Materials Unit Amount Cost (riel/unit) Notes 
Seed     
Fertilizers     
Materials     
Cow manure     
Pesticides     
Fuel     
Hired pump     
Hired 
sprayer 
    
Note: Take note of irrigation source and irrigation methods 
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3. Harvesting and outputs 
 Date No. labour No. hour Grain 
(kg) 
Price 
(riel/kg) 
Notes 
Harvestin
g 
      
Threshing       
Transport       
 
VII. Early Wet Season /Dry Season Rice Production 
(When did you start to grow this crop? ………….; confirm whether it is upper or lower field) 
1. Labour inputs 
Activities Date No. labour No. hour Cost (riel) Notes 
Seedbed (size =               )                        
Ploughing       
…………….      
Harrowing      
……………      
Broadcasting      
Fertilizing      
Irrigation     Total number irrigation = 
…………….      
Pulling      
Main field (size =            )                    
Ploughing       
……………..      
Harrowing      
…………….      
Transplanting      
Fertilizing      
……………      
Irrigation     Total number of irrigation = 
……………..      
Weeding     Total number of weeding = 
……………..      
Pesticides     Total number of spray = 
Note: If hired labour, need to record cost 
 
2. Material inputs (cultivated size =        ) 
Materials Unit Amount Cost (riel/unit) Notes 
Seed     
Fertilizers     
Cow 
manure 
    
Pesticides     
Materials     
Fuel     
Hired pump     
Hired 
sprayer  
    
Note: Take note of irrigation source and irrigation methods 
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3. Harvesting and outputs 
 Date No. labour No. hour Grain (kg) Price (riel/kg) Notes 
Harvesting       
Threshing       
Transport       
 
VIII. Main Non-rice Crop Cultivation in Dry Season  
(When did you start to grow this crop?                       ; Paddy field or upland                     ) 
1. Labour inputs 
Activities Date No. labour No. hour Cost Notes 
(cultivated size =         ) 
Ploughing      
Harrowin
g 
     
Planting      
Fertilizing       
Watering     Total number of irrigation = 
Weeding     Total number of weeding = 
Pesticides     Total number of spray = 
If it is hired labour, need to record cost 
 
2. Material inputs (cultivated size =               ) 
Item Unit Amount Cost (riel/unit) Notes 
Seed     
Fertilizers     
- Urea     
- Others     
Cow manure     
Pesticides     
Fuel     
Hired pump     
Hired sprayer     
 
3. Harvesting and outputs 
 Area Date No. 
labour 
No. 
hour 
Output Price Market/buyer 
Harvesting        
Transport?        
 
- How many times have you experienced the crop failure? ……………………………………… 
 
IX. Reservoir Irrigation Water 
1. When was this irrigation source available? ……………………………………………………. 
2. What is water distribution rule? ……………………………………………………………….. 
3. What is schedule for irrigation? ……………………………………………………………….. 
4. How often you can get water from canal? ……………………………………………………... 
5. What are the irrigation methods? ………………………………………………………………. 
6. Is water shortage and when? ……………………………………………………………………. 
7. Did you pay for water fee and how much? ................................................................................. 
8. Did you pay for management cost and how much? ……………………………………………. 
9. Who manage the irrigation systems? …………………………………………………………… 
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X. On-Farm Irrigation 
- Did you have pond? Yes (   ); No (   ) 
- If no, why you did not dig a pond? ……………………………………………………………… 
 
1. Pond construction 
1. When did you dig this pond?  …………………………………………………………………… 
2. Where was the pond location? At home (    ); Rice field (    ); Upland (    ); Other (    ) 
3. What is the pond size? …………………………….. 
4. Where did the water come from? Rainfall (    ); Groundwater (    ); Other sources (    )  
5. What is main purpose of digging the pond? …………………………………………………….. 
6. How many households in your village had water pond? ………………………………………... 
7. Why some other farmers did not dig a pond? …………………………………………………… 
8. What is the distance from your village to the nearest river/stream/big lake? …………………… 
 
2. Cost of establishment and maintenance 
1. What was the cost for digging? ………………………………………………………………….. 
2. How many labour-days? …………………………………………………………………………. 
3. How often did you restore the pond? ……………………………………………………………. 
4. How much did it cost to restore or deepening? ………………………………………………….. 
5. Or how many labour-day? ……………………………………………………………………….. 
 
3. Irrigation of pond water 
1. How long have you used this pond water for farming? …………………………………………. 
2. In wet season, how many crops did you irrigate by this water? ………………………………… 
3. How long was the duration of those crops? ……………………………………………………... 
4. What was the size of cultivated area? ……………………………………………………………. 
5. How often did you irrigate those crops? ………………………………………………………… 
6. How many hours per irrigation? …………………………………………………………............ 
7. Or how many bucket per irrigation? …………………………………………………………….. 
8. Is there water shortage in wet season? …………………………………………………………... 
9. Did you use it for supplying wet season rice? …………………………………………………… 
10. In dry season how many crops did you irrigate by this water? ………………………………… 
11. How long was the duration of those crops? ……………………………………………………. 
12. What was the size of cultivated area? ………………………………………………………….. 
13. How often do you irrigate those crops? ………………………………………………………… 
14. How many hours per irrigation? ……………………………………………………………….. 
15. Or how many bucket per irrigation? ……………………..…………………………………….. 
16. What months was the pond dry? ………………………………………………………………. 
 
4. If shared pond 
1. Why did you share the pond? …………………………………………………………………….. 
2. How long have you shared a pond? ……… ……………………… ………… …… …………… 
3. How many farmers was a pond shared? ………………………………………………………….. 
4. How did you share the water use? ………………………………………………………………… 
5. Where is the pond location? Your land (   ); Other farmer land (   )………………………............ 
6. How did you share digging cost? ………………………………………………………………….. 
7. How did you share the maintenance cost? ………………………………………………………… 
8. What were the problems of sharing? ………………………………………………………........... 
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5. Advantages 
1. What was benefit of using this pond? Fish (   ); Cash (   ); Feed (   ); Other (   ).……………….. 
2. What was the cash benefit per year from this source? ………………………………………….. 
 
6. Do you have open well or tubewell Yes (    ); No (    ) 
1. What was the depth of well? ………… …………………………………………………………. 
2. What was the common water level? ……………………………………………………………… 
3. There was water for the whole year? …………………………………………………………….. 
4. What is water quality? Drinkable (   ); Salty (   ); Acidity (  ); Clear (  ); Turbidity (   ); Other (   ) 
5. Has the water quality changed within the year (between wet and dry season)? …………………. 
6. Has the water quality change over last 10 years? ………………………………………………… 
7. Have you ever used it for irrigation? ……………………………………………………………… 
8. Why you did not use it for irrigation? ……………………………………………………............. 
 
7. Pump engine information 
1. When did you buy the pump? …………………………………………………………………… 
2. What is capacity of your engine? ……………………………………………………………….. 
3. What is the hose diameter of the pump? …………………………………………………........... 
4. What WAS the pump cost (at purchased time)? ………………………………………………… 
5. What IS the pump cost now (the same pump)? …………………………………………………. 
6. What was fuel consumption per hour? ………………………………………………………….. 
7. What was fuel cost in Wet season? ……………….….. And in Dry season? …………………... 
8. How often did you pump per week? ………. How many hours per pump? ……………………. 
9. What is the cost of pump maintenance per year? ………………………………………………. 
 
8. If hired pump 
1. How much did it cost per hour? …………………………………………………………………. 
2. Who (you or pump owner) pay for fuel cost? …………………………………………………… 
3. What was the pump capacity? …………………………………………………………………… 
4. How often did you hire the pump? ……………………………………………………………… 
5. How many hour did you hire the pump per irrigation? …………………………………………. 
6. What crops did you irrigate with the hired pump? ……………………………………………… 
7. How many pumps were available for hiring in the village? …………………………………….. 
8. Is it easy to hire a pump? ………………………………………………………………………… 
 
9. If shared pump 
1. How many farmers was a pump shared? ………………………………………………………… 
2. How was the pump properly shared? ……………………………………………………………. 
3. How did you share the capital cost of pump? ……………………………………………………. 
4. How did you share the operation cost of pump? …………………………………………………. 
5. How did you share the maintenance cost? ……………………………………………………….. 
6. Why did you share the pump other than rent or buy? …………………………………………….. 
 
Completing time: ……………………………. 
 
